
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/




Ill 
0 ' 2 8 11111 2 5 

;11 I. ·.· 11111; 2 

lllli I I 
11111 I. 

11111 2 ·~ 

111111.s 

lllllt25 
111111.

4 
111111.

6 

'/ i- ' ' r I · 



' 
\ 

RESTRICTED DP/ID/SFJ{.A/231 
20 February 1980 

ENGLISH 

ASSISTANCE IN THE ESTABLISJ:MEN:' OF CLAY PRODUCTS MANUFACTURE 

-. ' I 

/ SI/'r!!P/79/801 

TRUST TERRITORY OF THE PACIFIC ISLANDS 

Technical report: Field survey of some clay deposits in 
Yap, Palau 'flild Truk* 

1 ~ ,.. n n ··gen 'i11n i OU 

Prepared for the Trust Territory of the Pacific Islands by 
the United Nations Industrial Development Organization, 

executing agency for the United Nations 
Development Programme 

Based on the work of Neville R. Hill, field geologist 

United Nations Industrial Development Organization 
Vienna 

* This document has been reproduced without formal editing. 

80 31968 

) , 



i 

CONTENTS 

1. INTRODUCTION 
1.1. Purpose of the Mission 
1.2. Previous Related Work by UNIDO 

1.3. Intended Follow Up Work 

2. SUHHARY OF AVAILABLE INFORMATION 
2.1. Yap 

2.2. Palau 

2.3. Truk 

Page 

l 

l 

2 

2 

3 

4 
10 .. .) 

3. FIELD WORK 11- • 

3.1. Conclusions on the Extent, Depth, Likely Thickness 

and Character of the Clay Deposits and their 
Accessibility 

3.1.1. Yap 
3.1.2. Palau 

3.1.3. Truk 

3.2. Other .Potential Raw Materials for Building 

Material use 

3.2.1. Limestone 
3.2.2. Basalt 

4. SAMPLES AND FURTHER TESTING 
4.1. The Samples 

4.2. Laboratory Testing 

4.3. A Suggested Alternative Apprcach 

4.3.1. Advantages to ~ocal Evaluation of the Clays 

5. OTHER INFORMATION WHICH MAY BE RELEVANT TO THE PROJECT 
5.1. Imported auilding Materials 

6. 

5.2. Little Indigenous Manufacturing Skill Exists 
5.3. Local Entrepreneu~s 

5.4. Fuels 

5.5. Seismic Activity 

RECOMMENDATIONS 

6.1. Palau Clays 
6.2. Yap Clays 

6.3. Truk Clays 
6.4. Testing 

6.5. The Pottery in Palau 

6.6. The Ceramic Technologist 

••••••••• continued/ 

12 I 

13 

18 

24 

26 
26 
26 
26 

2f 
27 
29 
30 
32 
32 
35 
35 
35 

., ' ,, 
,,, - ; 

: J 

36' .'. 
36 ; . 

;.6-:- :,, 
36 .. :1..:· 

37 ??-
37 ?{ 

37 '7. 

38 ~.~ 

I ... 

I 
J 



ii 

Acknowledgements 

APPENDIX I. Job Description 

APPE!tDIX II.Time Schedule for the Missiori. 

APPEHDIX III. Counterparts and Some Other Local Contacts 
APPENDIX IV. Results of Ceramic Tests on Palau Clays by 

New York ~tate University, Alfred, NY. 
APPENDIX V. Initial Report on Possible Clay Deposits for 

Ceramic Uses on Yap Proper. 

APPENDIX VI. Initial Report on an Investigation of Clay 

Deposits for Ceramic Use in Falau. 

APPENDIX VII. Initial Report on an Investigation of the 

Page 

38 - , 

Clay Deposits of Moen and Dublon, Truk Islands, 
for Ceramic Uses. 

l-iAPS. Clay Sample Location Maps for Yap, P:ilau and 'frl!k (Moen). 

_,-.----~1 

! : 

I 

• 

t 



- 1 -

1. INTRODUCTION 

1.1. Purpose of the Mission 

This assignment called for a field geologist to carry out 

Phase I of the UNIDO Project SI/TTP/79/801 for the 

Government of the Trust Territory of the Pacific Islands 

(TTPI) "Assistence in the Establishment cf Clay Products 

Manufacture". (See the Projec~ Proposal by UNIDO dated 
17th July 1979). 

The specific duties of the field geologist, listed in the 

Job Description SI/TTP/79/801/11-01/32.1.B, were:-

1. Study available information on clay deposits (and re
latad test results) in the Palau,Yap and Truk Distric""s; 

2. Carry out a geological survey of clay deposits in the 

three districts with the logistic support of the Public 
works Department and other ~istrict Headquarters facilities; 

3. Ascertain the quantity, depth and ~onsistency of the clay 

deposits and their accessibility to the Centre; 

4. Collect~representative samples from the surveyed deposits 

for the laboratory testing; 

5. Prepare a report on his findings and recommendations. 

~uring briefing in Vienna, in Suva (UNDP) and in the Bureau 

of Resources at TTPI headquarters in ·saipan, the field 

geologist did not find ~ause to change these duties as the 
priorities of the mission. With the substantive officer in. 

Ul:UDO, it was agreed that, time permitting, the expert •.•:ould 

cunsider what other building materials, besides clay ~roducts, 

might be appropria~e to manufacture locally. Discussions in 

Saipan as well as with district administrators, indicated a 

strong preference for establishing small-scale, lo~ capi~al 

cost and easily handled production units, using technology 
of an intermediate level. 

1.2. Previous Related Work by UN:i:DO 

TherE: had been no previ·:ius work by a UHIDO exp~rt in the 
TTPI, according to U!,:I DO in Vienna. Ho;·;ever, the Senior 

Industrial Development Field Adviser (SIDFA) for UNIDO 

_ . ..,.. 
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in the South Pacific Region, . hich includes TTPI, Mr. Sergio 

Dello-Strologo,who is based at the UNDP office in Suva, Fiji, 

has been active in promoting this project and has personally 

arranged for the previous c~llection of clay samples and their 

testing in the U.S.A. 

There is a UNDP team, headed by a Senior Zconooic . 

Adviser based in Saipan, which is working on development planning 

for the Federated States of !·[j.cronesia (FSM). Included in their 

progra:xne has been an appraisal of the proposed project for a 

laterite block plant in Ponape. 

l.}. Intended Follow Up Work 

De~ending on the findings of this first phase, the 

Project Proposal provides for t···o further stages:-

Phase II: will entail the testing sf the samples,collected 

during ?hase I, at a competetent laboratory abroad and a report, 

based on the results, on the i~dustrial applicability of the 

clays. 

Phase III: a ceramic technologist v;ould assess the local marke' .. 

for structural clay products, pottery, ceramic filters, et~., 

prepare feasibility studies for production units appropriate· 

in size and level of technology and include estimates of invest

ment and operating costs, etc. 

The main development objectivJ of the project is to promote 

indigenous industrial activity based on loc~l ra~ materials. 

2.SUMMARY OF AVAILABLE INFORMATI.ON 

Considerable information is available about the clay 

horizons that occur in the islands of Micronesia through the 

seriea of Military Geology reports prepared 25 years ~go by 

Intelligence Division, Office of the Engineer, Headquarters 

U .S.Army Forces, ~·ar Ea.st, copies of which exist for Yap, 

.l:-'alau and Truk, as •>ell as certain other islands, in the 

Division.of Lands ~f ·the Bureau of rtesources at the Department 

of Development Services, TTPI 3overnment in Saipan. (Tnese 

are no longer classified material). Many maps show the 

distribution of soils and construction materials, etc., and 

th.er~. is in some an account of previous econoiuic mineral 

• 
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development activity, including the utilization of clays. 

Other relevent data about the clay deposits exists 

in the reports by Herbert Meyer, of December 1977, on the 

"Ngersuul .riottery at Kless, Babeldaob, Palau" and by Sandy 

Vitarell;i., of August 1977, entitled "Ceramic Hesearch 8c Teach

ing Program of Palau High School". The clay deposits on Palau, 

as well as on Ponape, were sampled in a~out 1976, at the request 

of Mr. Dello-Strologo, and sketch maps shov:ing the approximate 

locality of the sample points are available. Finally, there 

are the results of the laboratory testing of those clay samples, 

reported to Mr. Dello-Strologo, by New York Slat"e College of 

Cerai::iics at New York State University in Alfred, NY., in 1~79. 

Information on tte previous history of ceramic 

act~.vity on Yap, Palau and Truk has been obtained from local 

people and the "1'!ilitary Geology" of Palau, at pp.267 to 268, 
has details of the production of structural clay products there 

in 1939-42. 
2.1. Yap From Map 1, Geology, of the M1litary Geology report, 

toe legend suggests that only the_cliys forming the weathered 

surface of the Tamil Volcanics (Miocene) formation, extending to 

maximum depths of more than 60 ft, make up c 1.ay deposits of 
any appreciable thickness and occur ~ot only in Gagil-Tomil 

but also in the area of the airfield and so;ithwards. Hov:ever, 
examination of Map 2, ~oils, in conjt•:iction Vii th test r ?sults on 

Table 17 and Map 4, Construction Materials, taken with T~~le 19 

Engineering Test Data, ir.c!fcate that Lesides the above mentioned 
clay, there is a second with characteristics '?Ote.~tially suitable 

for ceramic purposes.· This is unit 11, on ~ap 4, which occurs 

principally in .Ual1peb1nau, from Derikan in the west to nea.r 

Gitam. Other soil units c~n be ruled out of consideration ro~ 

reasons of the presence of too much gravel, organic matter and 

close proximity of the gater table, etc. The important features 

of the t~o interesting clays are as fol:ows:-

Uni.t 7: 'Red clayP.y s1lt'. '.\leathered surface of the Tort:il 

Volcani~s. Occurs mainly near and to the south west 

of the airport and in Gag11-Tom11. Little or no gravel, 

____ · ·w·1 
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sand(0.074-4.76mm) averages 28%, fines (below 
0.074mm) averages 7'Yfe. Plastic Limit av. 40%, 

Plasticity Index av. 25%. Shrinkage low. Water table 

depth 30 ft. 

Unit lH 'Clayey sand over fat clay•. ';'feathered 

surface of the Yap green schists. Occurs in Dali

pebina , especially between Gitam and Derikan. Usually 

no gravel size material, sand av.39%, f~~~s av. 61%, 

PL av. 40%, PI av. 29%. Shrinkage negligible in the 

surface foot but very high benP.ath. \'later table at 

3 to 4 feet in wet season. 

Note: Unit 12: 'Silty sand and silt over fat clay•, 

would be a possicility except for its content of up 

to 29% 01· gravel (4. 76 to 16.2mm). 

As regards previvus ceramic activities on Yap, it is 

Known that in at least one location women used to ~ake pots by 

coiling the clay. Those people are no longer alive. In Yap it 

was learned that pots were made in Gitam, ~r ;of and Gachlau -

Gita11:, incidentally, is close to the "Unit 11" clay and the other 

two villages are by the "Unit 7" clay. There is no·:: no making 

of pottery or other ceramic items on Yap proper .except for the 

s~all concrete block factory just south of the bridge in Colonia. 

2.2. Palau From the map forming Plate 27,Engineering Geology, 

of the 'Military Geology for Palau•, there appear to be three 

potential sources of clay, geologically, which are: 

the weathered Volcanic tuff and oreccia, 

the sedimentary clay wi'h lignite, 

the alluvium·. 

By considerin.g the Engineering Soils Hap, Plate 30, in 

conjunction with sheets l and 2 of Table 16, g1--ing description . 

and engineering test data, the information of ceramic significance 

about these three sources of clay can be summa··ized thus: 

Sedimentary clay with lignite.In the Districts of Airai 

(e.g. around the airport and at Oikul), Aimelik (.a the south 

side of Karamado Bay) and Iigl:lt.pang (east. side of Karamado Bay 

and on the island of 1-1·gerasch) ~ Di vision has been macle by th9 

-- ·_ ,,_.-
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soils enginears into ~wo sub-groups: 

Unit l.Red soils over grey clays • s~~soil is red or 

reddish-yellow plastic clay. Substratum can be from 

30 to 100 feet of variegated red and yellow, moderately 

plastic clay beconing grey with depth. i~ere not erQded 

is covered with ferns, grasses and Sll -ubs. Sand av .11%, 

fines av.87%. PL av.5a;;, PI av.23%. 

Unit 2. Yelle~ soils over grey clays. Subsoil is pale 

yellow to light yell.,;c•·ish brown, sticky and plastic, 

The substratum can be 30 to 100 feet of light grey clay, 

very plastic and may include the black lig~it= (a type 

of low grade coal).~here not eroded has grass and 

trees, e.g. pandanus. Sand av.13:-., fines av. 865~. 

PL av. 44,, PI av. 32%. 

The above data suggests these could be imr~rtant and 

readily accessible sources of ceramic ra"~ material. Vitarelli 

has descrioed these clays from Airai (south of the airport) as 

being grey, very plastic, tight though con~aining 'lime'.(But 

chemical analyses at Alfre~, KY do not support the existence 

of a significant amount cf CaO).The NY State University tests 

found the Airai ~lay3 (three sample£) to have good characteristics 

for thro·;;ing on a potter's v;heel, or even too plastic on their 

0·1m, like a ball clay. The drying shrinkage, 9 to 13~~' is 

higher than desired but there ;•:as little problem .. i th firing, 

usually to a white, pale yello·.·· or pale blue- ~r·ey. A sample from 

~igatpang ha.d si.:nilar ceramic properties except for firing to a 

pale red or greyish-red. On the other hand, two samples tested 

from ~gerasch island aere said to be not good for thro~ing, i.e. 

for pottery, but might be for structural clay product~. They fired 

·;•nite or red with a fairly high pori.:sity.(In fact bricks, tiles, 

etc. were made at Ngerasch in 1939 to 1942). 

A su::lI!lary of the results of the :-iY State University, 

~esting is given in Appendix IV. 

'.'Je&thered vc;lcanic tuff and breccia. The soils engineer.s 

~ave 3uc-divided this into three Units, 3, 4 and 5, on the 

Engine~ring Soils Map, Pl.30, ~nd these, pink and pale red on 

the :!lap, are seen to cover possibly 90% of Babelthuap. Hence 

_-_-.. -
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they occur adjacent to the previously considered sedimentary 

clay with lignite and so constitu:e further potential cera~ic 

raw material for the three Districts of Airai, Aimelik and 
Ngatpang. In ger.eral, beneath tte predominantly reddish surface 

soil, there is a substratum of 10 to 50 feet or more of red, 

yellow to brown, only slightly plastic, friable, and rather sar:y 

clays. Alone, these lateritic, or even bauxitic, materials are 

not likely to be useable for making fired clay products, due 

their low plasticity for mouldi.:i.g purposes and possibly needing 
an unacceptably high fi~ing tempera~ure, owing to the lack of 

fluxing components which hsve been leached out by ':.eathering. 

(The so called 'laterite blocks' are not hardened by firing but 

by moulding under very high pressure and a subsequent chemical 

reaction between the alumina co:pone~t of the :aterite and 5 to 

7~ of lime, Cal0H) 2 , mixed with it). The relevant characteristics 

of the soils, summarized from the data on sheets 1 and 2 of Table 

16 of the Military Geology, are as follows: 

Unit r10. ~ :1ech .Anal;:t:sis Atterbers Values• 

Sand tines PL_ .tl 
3 Friable, red lateritic 28 70 45 15 

soils from vole.rocks. 

4 Friable red bauxitic 25 66 42 13 

soils from vole.rocks. 

5 Friable lateritic red 10 88 58 18 

soils from tur~s 

• PL= Plastic Limit, PI= Plasticity Index. 

It may b0 that the sample no.C-1 from Ngerdmau tested 

by the NY State University ceramic laboratory was one of these 

lateritic or ba~xitic soils as 6gerdmau was the centre for the 

mining of bauxite in the past. :;ot surprisingly, if that ..-:as the 

case, it was found not good for thro~ing pots, it fired to a 

d~rk red-grey (presumatly due to its high iron content) and was 

su5gested as being of use for bricks, or coloured slips and engobes. 

These materials have potential ceramic use if it is 

required to reduce thH rather high plasticity, as well as drying 

shrinkage, of tlle important sedi::ientary or 'Airai' clays, by bJ.ending 

various amo~nts with them as necessary. 

I 
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Alluvium. This occurs in the flood plains of various 

rivers, inclu.:i.ng many of those in the Districts of Airai, 

Aimelik and Hgatpang. On the Engineering Soils Map of Pl.30 

and the Engineering Test Data of Table 16 the alluvium, which 

is of Recent age, is divided into t\•.~ grou""'s depending on how 

~ell drained it is. Its significant characteristics as a ceramic 

rav: material can be summarized as follows: 

.IJnit No. ~ He ch. Analisis At·_ erberg: Values 

Sand Fines PL PI 

7 Deep, \-:ell drained 20 80 46 18 

soils on flood :;:lains 

8 Deep, poorly drained 10 90 51 17 

soils on flood plains 

The ~ater table is ~ithin 1 foot of the surf1ce in 

U~it 8 and to 4 feet in Unit 7- in the ~et seasJn and hence 

extra~ti)n of the material by di5ging could be difficult. As 

the granuiometry and plasticity are net ~uch different fro~ the 

lateritic soils this may not matter out these alluvial clays 

should not be ignored as possible body builders, i.e. to 

adjust the 2oulding, drying and firing performance of the main 

ra11 materials. 

Of the three States or Districts of Yap, Palau and Truk, 

Palau had by far the most ceramic acti vi cy, ·::hich is not sur

prising in vi· ·v: of the variety and accessibility of its raw 

materials. There have been at least three ;eriods rhen this took 

placP.. Tile Falauans themselves are _·aid to have produced pottery 

long ago at ~gerard.and ~gat;ang. Then, in J93;-42, about 

.; million bricks, tiles, pipes, etc. -.-.ere made by an Okinaw.'n 

on Ngerasch island. Since about 1970 and until six months ago, 

pottery ':.as made, mainly,it see:ns,as a cultural er.t~rpr:!.se by 

foreign potters, at the Ngar~uul ?ottery in the village of Kless 

and during t~o episodes at the Palau High School on Koror.(More 

details are given in Ap~endix VI which also includes detaiJs of 

the sample locations visited during the present mission, in Palau.) 

;,1uch information about the deposits of white clay at Oikul (= Goikul 

in Japanese) and the clay with lignite at Ngerasch, as well as 



- 8 

?:~L:\U 

rocf tiles lyi~~ at 

19~.-42 f·ctory an 

PHOTOGRAPHY 
by 

NEVILLE R. HILL 

I 

.. 



.j 

I 
i 
.1 
! 

-9-

FAL.-.U 

· t ,,,... ·' -. f_ .-•• ri_ t.! :_ :--_~ :~:: · "- !1 ., ; . . ') : .: -

PHOTOGRAPHY 
by 

NEVILLE R. HILL 

•• 

i 
I 



.:. 10 -

t~e calorific and other analyses of the lignite ani the 1~39-

1942 cera~ic ~~oduction on Ngerasch, are given in the Military 

Geology of Palau and are summarized in this report in Appendix VI. 
Appendix 1/I also lists the existing equipment in the t·:.o potteries. 

2.3. _Truk. According to the re~ort "Military Geology of ·.:.·ruk 

Islands, Caroline islands", of ··uhich the relevant work on soils 

was done 25 years ago by J.~.Paseur, there are t~·o main clay 

form;...tions i!l the Truk Islands; the '.::ruk Clay and the Truk Stony 

Glay. They are descrioeC. in detail from p.91 on·:;ards in t.he report 

and sho·;;n for the islands of Moen and Dublon on .;aps 13 and 14 

of that report. The test data of u.se in this present :nission is 

the Soils Mechanics Test Data of Table 20, p.155. (A third clayey 

~orizon, the Fefan Soils, copsists of thin limonitic gravelly 

clays ~hich can be excluded as potential cera~ic raw ~aterial). 

Truk Glay. Covers 23;: of the vo! canic uplands and is 

a residual.clay developed on volcanic bedrock, etc., and the 

upper 10 feet are usually free from boulders. It is reddish-brown 

and sligntly plastic. On slopes of less than 25~~' it can c.xtend 

do~n to 10 to 50 feet depth. The granulc~etry and plasticity data 

of the tnree samples taken by J .E.Faseur are as fol.lo' s: 

.Sa:id 

0.07~-2mm 

25 

14 

8 

Fines 

belc·,., 0.074mm 

75 
66 

92 

~tterber~ Values 

t1 PI 

49 12 

53 26 

58 14 

~ru~ Stony Clay. Is the most common soil , at least 

on ~oen ana Jublon, covering more than 5Q. of the ~~rface. It 

is mostly reddish-brown to yello ish-brown clay, slightly plastic 

to plastic and ~ith 15 to 2~~ or more of stones and boulders 

present. The thic}:ness is variable, from as little as 1 foot to 

as much as 30 feet. The single sample taken by Paseur sho·:;ed: 

Sand Fines Atterbers Values 

PL PI 

14 86 41 11 

Although bo,h these clays are ·::idespread in :heir 

occurrence and readily accessio1e, the above data indicates that 

neither has the desirable 'range of plasticity', sho'.n by a nigher 

Plasticity Index (PI), ~~ich ··ould make the~ suitable for pottery 

._ ·w· 
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or relatively thi~-walled products such as ho~low bricks 

and blocks and probably the only potential ~se is for the 

hand ~aking, either by slop moulding or preferably by sand 

moulding, of solid firF-d clay bricks. 

This may explain ·.t:i1y the field geologist for this 

present mission could find no mention of any previous 

ceramic activity by the Truk people, though it had been suggested 

that the Japanese may hav~ done so~ething in the ceramic line. 

(The book 'The Material Culture of Truk', by Frank M.LeBar, 

1964,published by the Dept. of Ant~.ropology of Yale University, 

deals comprehensively ~ith the cooking ~are, building materials, 

etc., etc., that were used and there are no ceramic items 

mentioned, except for a ce~~nt for caulking made from lime 

and coconut spathe ashes. Breadfruit and taro ·:;ere boiled in, 

for example,a shell vess ~ made by removing the inner part of 

a trochus br conch shell. Simil~rly 'Preliminary Archaeological 

Investigations on the Island of Toll, in Truk', by Jan Takayam·a 

and Toshi Ikoseki, describes many artifact found there but no 

pottery. 'rhe Economy of the Truk Islands, an ~th1·opological 

and Economic Survey'by Ed-::ard T.Hall.and Carl J.Pelser, published 

by the u.s.co~mercial Co.,Honolulu in 1946, also mentions no· 

pottery production • Under 'Trade and Industry' it describes 

wooden bowls as being the receptacles used. All of this stro~gly 

suggests that such an ancient and basic art as pottery :aking 

was not possible in the Truk Islands other·:;ise the migrants from 

Indonesia and the Philippines, including so.me from Palau, · ould 
have introduced it). 

3. FIELD WORK 

A total time of 7t days #a£ spent on g~ological 

field work, either by vehicle or on foot, distributed thus: Yap 

3 (all on Yap Islands proper), Palau 2t (all on Babelthuap) a~d 
Truk 2 (all on Moen - a day planned for Dublon had to be abandoned 

owing to lack of transport to that island).(As a percentage of the 
total mission time of six ·:;eeks this is very low, only 18%, and 

indicates the high proportion of time that had to be spent on 

travelling to and from the Duty Station, via Vienna and Fiji, and 

on travel between the islands via Guam). 
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At each of the three district centres, the field 

geologist received the logistic support of the appropriate 

government personnel, whose names are listed in Appendix III. 

In Yap the counterpart department ;;as the Resources 8c Development 

Department, in Palau the offices of Economic Development and 

of Land Management and in Truk the office of Land Management. 

In addition, brief ~eetings were held with Governors or District 

Administrators. 

The !!lethod of investigation consisted of reconnaissance 

survey, by vehicle and on foot, using the soils or engineering 

geology maps of the 'Military Geology' reports, on a scale of 

1:25,000 or 1:62,500. The odometer readings of the vehicle .,~ere 

noted as an aid to determining location and the precise position 

of exposures of clay beds an.d sample points was noted by recording 

the magnetic compass bearing to prominent fixed points, such 

as radio masts, and the dista.nce in metres, to an accuracy of 

± 5%, by means of a hand held rangefinder in the range 46 to 
lOOOm. The taking of soil samples, of not less than lOkg in 

weight, was by means of shallow hand auger holes and pits. The 

detailed data on the location of the exposures and sample points 

and the tnickness and visual characteristics of the clays there, 

ar~ given in tne three initial reports,~ade at the time of the 

visits to the three states/districts, and included here as 

Appendices V, VI and VII. 

3.1. Conclusions on the Extent, Depth, Likely Thickness and 

Cha:.'acter of the Clay Deposi~s, and their Accessibility. 

Without a full, and expensive, borehole ~rogramme, the 

determination of 'proven' reserves of the clays in any 

locality has not been possible. By observation in the field 

and the interpretation of the appropriate data in the 

Military Geology reports, it has been possible to ascertain 

that adequate quantities of certain clays exist, though not 

necessarily in each case of the quality needed for pottery 

or structural clay products manufacture. Similarly, o! 

the four operations tfiat a clay has to undergo, as a 

cera ..• ic raw material ,i.e. preparation, moulding, drying 

and f~ ring, field investigation can prov~ ~e fairly certain 

.. 
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data on the ease of preparation. Sxa!!lination and feel of the 
material, including clay 'Hhich has been dried by the sun, may 

indicate the probable moulding and drying behaviour. Without 

actually firing the material in a kiln, no conclusion on 

probable firing behaviour ~s possible. 

3.1.1. Yap. Three clays, of different origin, together likely 

to be suitable raw materials for establishing small scale 

ceramic manufacture, at least simple pots and solid hand 
moulded bricks, have been located on the Yap isiands proper. 

Yellow-brown Gla;v - weathered sur.face of the Yap Green Schists, 

( forms Unit 11 'Clayey sand over fat clay' of Map 4 of the 
Military Geology report). ?een and sampled just north-east• 

of the airport crossroads, at Derikan.Present there at the 

depth interval 20-75cm, i.-e. 55cm thick, bro.nisb-yellow 

colour, uniform, plastic, 20cm overburden of stony soil and 

underlain by hard green schist. Easily accessible. Rather too 

thin for supplying mediu~ scale mechanized ~roduction u~its 

owing to the large area of land that would have to be purchased 

or leased. Occurs in :Jalipebinau, from' Derikan in the ···est to 

Gitam in the east, a distance of at least 2km. Is al~ost 

certainly the raw material used by the . omen \':ho at or.e time 

coiled the clay to make pots in Gitam.(A resident of Gitam, 

v.;.~. Al .figirmow, mentioned that, in the viev: of the Professor 

of Art in the Guam university, the best clay for pottery in 

Yap exists in Dinay and liitam). Sample No. 261179C 
(Similar material was seen and sampled near Numnung, where 

60cm of brown-yellow plastic clay was exposed in a bank beneath 

20c~ of stony soil. There the material is that shown as unit 12 

on :.:ap 4, and •;hich is oI •1ast extent 0•1er Weloy and Fanif. 

Sample No. 2?1179A ) 

Reddish-brown mottled Clay - weathered surface or the Tomil 

\folcanics Formation. l forms Unit 7 'Reu clayey silt' of 

Map 4 of the Military Geology Report). seen and sampled to 

the south-west o! the airport crossroads, ne3r Derikan, and 

to the north-east of the nearby lake. A hole du3 in an area 

there free from vegetation, found mottled bro~n and li6ht red 

stiff clay, uniform and free from stones, from the surface to 

• a new airfield runway is to be built near there. 
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LccJtion cf 3am~le 2Sll79C 
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~5cm of clay benea:h ~urface 

stones and 2~ove reon 3Chis:. 

• 

26E79C. 

PHOTOGRAPHY 
by 

NEVILLE Ft HILL 

., 



c 

A 

A - Sample Pit ngar ~acb:~~ 

2Fill'?9A 

B - Sa~ple Location 261179B 

at Derikan (airpor:) 

C - Surfaco Expo;:;ure 'oy tiH? 

Head near ~erikan (ojrpor~ 

PHOTOGRAPHY 
by 

NEVILLE R. HILL 



Yello~-bro n clay,~quivalect 

to unit 12 of ~ap 4 of the 

Sa~pl~ loca~ion 27117~A 

Medium bro.~ cl~y. 

In s~mple hale 27ll79il 

near ~urru on ~o~il-Tc~il. 

Occur~ ~eccath ~5 c~ of 

!i~onitic ~ravel. 

PHOTOGRAPHY 
by 

NEVILLE A. HILL 

1 

• 



• 

- 17 -

a depth of at least 65cm. Hetween the crossroads and the l~ke 
there is an area of at least 3 hectares (7.4 acres). Assuming 
all of it would be avai~able for devel~pment as a raw material 

source and the thickness of 0.65m to be maintained over that area, 
there would be 3t least 20,u00m3 of clay available here alone, 

adequate for aboutl million bricks. However, this clay extends 

over a much greater area, around the airport and south into 
Kanifay and Giliman and th~ depth to which it co~ld be extracted, 

i.e. the water table level, is 30 feet according to the Military 

Geolo5y report. nence, the reserves· would be inexhaustable. 

It is easily accessible and has e1ther no vegetation ~r else 

uncultivated grassy and wooded coverin6 with no other overburden 
to remove. Sample i~o. 261179B. 

The same clay was sampled 3U0m north of uachlau. Sam~le No.26I:79A 

lThis red~sh-brown mottled clay feels less plastic than the 

previous, yellow-brown, clay and may be better suited to brick 
production by hand moulding than extrusion mouldi~g or pottery. 

Obviously, in considering the location of any ceramic factory 

in this area, from the ra•: material viewpoint, favoured locations 
would be where the two clays are within close proximity to each 

. . 
other, as for example, around the road from Derikan running 
eastwards for about lkm towards Colonia, and to the south of 
Deloy and Gi tam). 

This reddioh-brown mottled clay will also be present above the 
Tomil Volcanic Formation on Gagil-Tomil. 

Medium Brown Clay. Occurs only, as far as is kno·::n, in and 

around the villages of :-:aki and Murru on Gagil-Tomil. L:;l.ng on 

the surface are nodules of bro~n limonite, Fe203.nH20 , and these 
ext~nd do~n to a depth of 35cm and give way to at least 75cm 

(and up to 27 feet according to the Military Geology report) or 

uniform, stiff brown clay which is fairly plastic and free from 

stony material. It is easily accessiblv, both !or vehicle access 
and to remove the loosely consolidated layer of limonitic gravel. 

Sever.al hectares appear to exist for potential exploitation and 

of adequate thickness for supplying raw material formedium scale 
ceramic production. Even if not found to be useable on its own, 

this clay is situated only lOkm from the area where the first 

two clays occur together, between Derikan and Gitam, and could 

l 

I 
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prove to b6 a use·ful additional raw materiP.L for adjusting the 

blend of clays to the optimum performance. Sample No.2711?9B. 

(Details of the sampled locations, etc. are given in Appendix V) 

3.1.2. Palau. As noted pr~viously, in Section 2.1.2., from the 

previously available geological inforn.ation about the clays of 

Palaa there are three main sources of clay available: 
the weathered volc~nic tuft and breccia, 

the sedimentary clay with lignite, 

the alluvium. 

During the field work, in fact only the various occurrences of 

the sedimentary clay, or 'Airai Clay, named from its type locality, 
and the clay used beside the Ngarsuul pottery, which m.:iy be alluvium, 

were examined or sampled. lt was fo1!nd by the field geologist, 
that at least three distinct clay horizons o~cu~ in the •sedimentary 

clay with lignite•. All three of them occur in the same locali~y 

just south of the airport in Airai and two of them were also 

:epresented by closely similar material in places such as Oikul, 

Ngatpang and Ngerasch island.(N~te: Oikul was referred to as 
1 Goikul 1 '.)y the Japanese and'Ngerassa:'has been used for iigerasch). 
(The'weathered volcanic tuff and oreccia' was not investigatee. It 

is a possible useful additional raw ~aterial, occurring near to 

the more important sedimentary clay and it is likely that, as 

reddish-brown lateritic soil, it is similar to the samples 

nos. 261179B and 261179A collected from the •reddish-brown 

mottled clay' above the Tomil Volcanics For~ation of Yap). 

In view of the very obvious at~raction, from the raw material 

viewpoint,. of the Airai airport location as well as its possible 

convenient and practical situation for establishing any proposed 

future ceramic production for Palau, the Palau field work is here 
summarize;\ on the basis of the raw mat-!!rials occurring there and 

referring, as appropriate, to the other locations where the same 

clay seems to occur. In particular, the location is the erosion 

scar ,seen on the aerial photograph reference i36 4-85', one of 

the series being used by the present U.S. Soil Survey team in 
Palau (Mr. ~eil Babik and ~r. Chris Smith). It lies approxiaately 

160m due north of the still surviving gable of the ~est end of the 
bombed Japanese b11ildinc and approximately 330m from the airport 

t 
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windsock. (See Appen.dix VI for More ~recise data on all the 

Palau sample locations and clay materials, etc.) 

Whit& and red mottled Clay. Is the uppermost clay layer at 

Airai airport, occurring baside the road just ':lest of the bombed 
Japanese building and further north, to llOm south-west of the 

. 
qindsock, ghere it is at least two =etres thick. It is of medium 

plasticity or less probably as it seems to be kaolinitic.It is 
easily accessible, with no overburden or only grass, ferns and 

a re~; pandanus. Sample No.0312?9Al (at the top of the '!rosion 
scar), 031279Bl (llOm south-~est of the ·indsock by the airport 

building), and the same material, or closely equivalent is 

3011?9A (fro•j an auger hole,60-90cm depth, 35'D north-v:est of the 
dam at Oikul) and the deposit or clay on Ugerasch i~land, exposed 

oet~een the dock and the 1939 kiln of the structural clay products 

factory, is vP.ry similar. Allowing for some 150 feet of ground 

to be taken south of the present airport for the projected n.~v,· 

runway, there are soma 5 hectares or more of this clay at Airai 

airport, say ;o,ooo m1 and at Oikul probably more than the 23,0QO 

metric tonnes reported proved by the Japanese in 1940, as ~:ell 

as the material left at Ngerasch and elsewhere. 

Grey Clay.Is the middle of the three clays at Airai airport, and 

is exposed in the erosion scar immediately beneath the main 

(?0-80cm thick) lignite bed. It is pale grey, both at the ·::eathered 

surface and with depth, uniform apart from some .arbonaceous 

matter, plastic and tight. Is probably the grey, plastic clay 

round by tae potter Vitarelli and the NY State university :o 

be good for thro~ing on a potter's wheel though it does not appeaP 
to be so plastic as to :·arrant the name 'ball clay' ·;hi ch they 

suggest.it is. (Ball clay is probably the most valuable ra·:· 

material, in terms of ~ts moulding characteristics and its 

ability to upgrade otherwise poor clays when blended with them. 

Its presence at Airai airport,(and possibly also at Ngatpang), 

is one o! the reasons why the field geologist considers that 
locality to be so suitable for a future ceramic industry, and may 

also account for the fact that pots were made, in the past, at 

Ngatpang). At Airai it is about lm thick, and is exposed in various 

gulleys in the area between the airport building and the bombed 
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building and to the.east or the stream, say 10 hectares, or 
about 100,000 m3. Accessible after removal of the overlying 

white clay and the lign~te, both of which are consumable raw 

materials. Sample no. 031279A2 lfro~ the gulley near the top 

of the Airai airport erosion scar). sample no.301179B lnear 

the municipality of Ngatpang} is probably similar. 

Grey Clay .. eathering Green. Is the lov:est situated or the three 

clays at Airai airport and as not found elsewhere. It occurs 

as two main beds each about ltm thick and separate~ by a layer 

of limonitic clay, exposed i~ ~he lower part of the erosion scar. 

vn thg surface is pale green but lOcm beneath it it becomes 
medium grey and starts to show relic structure of the underlying 

volcanic breccia from ~hich it has we~thered. Hence this is a 

residu~l clay, 'llhereas the other two are sedimentary in origin, 
it has coarser partic_es present and feels ~uch less plastic. 

After a period of weatherin5 to proaote breakdown of those 
partic,.es, and so increase slightly its plasticity, this clay 

could be useful, like the red, lateritic soils north of the 

airport, in lowerin:.:: ti.1e drying shrinkage of the ot:.ier clays, 

if that ~as found to be necessary, and to modify their ~ehavi;ur 

in other :r.:ays as well. :;ot readily acces.oible except ~·here the 

overlyin~ clays and lignite have been re~oved, but exposures 

occur in some gullies o~sides in the erosion scar.(Due to the only 

slight,ap~roximately 5°,dip to the north east, as this unit is riug 
the volume of overburder. to be removed ·::ould increase and make it 

difficult to obtain unless the overlying beds ~ere being worked 

as >.ell at a no less rapi :. rate). Sample no. 031279A3 ( f'rom the 

higher of the two green beds in the erosion scar). 

Alluvium. ·rhis type of clay ;;as not seen near Airai airport 

but tne map indicates it occurs in the Airai district. It ~ay 
be the plastic clay 20m to the north or the Ngarsuul pottery 

at Kless. However, the field ~eologist found during the Visit 

there that it was so poorly exposed, and bene~~t. surface ~ater 

as we1-l as tall grass, that it was not possible to obtain a 

satisfactory and representative sample. It '.'ias virtually imposs:: ble 

to make a reasonable estimate of how much or that clay occurs 

at Kless. 
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3.1.3. ~· Compared ·.ith the clays on Babelthuap in Palau, 

t11ere are only t'.lio clay formations on Moen and Dublon and, 

although they are of gr~at extent and readily accessible, they 

do not appear tc nave the interesting ceramic properties of 

the Palau ra~ materials. Xore data on the locations is in Appendix VII. 

Yellow-Bro\m Clay Free from Stones - Truk Clay. Covers about 23% 

of the volcanic uplands of Moen and Dublon. Good exposures 
were found at Epinup (sam;le no.071279A, from the road cu~ting 

opposite the house of Hr. Zrmut :1anaka) and at Levi, along the 

:nuddy road, impassable to vehicles, running from 'l'ruk High 
School to Tunuk. At Epinup there is at least 2m of yello•.•.-brov:n, 

slightly plastic clay, free from stones, u~der approximately 

20cm of dark grey earth soil with ferns, coconut trees, etc. 

This clay extends south ~!est from Epinup for about 500m and is 

at least lm thick along the road; apart from where there are 

houses, it is readily accessible for easy development as a 

source of ra. material. It appears to be inadequate for other 

than possibly the making ~i solid bricks by hand moulding. 

Available reserves ai·e e·nough, on Moen at least, for small 

scale production of bricks, etc. 
Bed and Erown Clay ·:.ith Stones - Truk Stony Clay. Apart f:om 

the presence of ~lard stones · .. hich would have to be removed, this 

clay is sit11ilar to the previous one but has slightly more 
plasticity and hence more likely to be useable in simple 

pottery ~aking and !or some structural clay products. The 

available reserves are substantiRl as it covers more than half 

of the area of :-il'.'en and Dublon, ace :rding tn Maps 13 and 14 

of the Military Geology of Truk, though its thickness varies 

~reatly, oet~een one and 30 feet. The one exposure sampled 

(sample no. 0712798, from be low the house of :·ir. Frank Nifon 

in !:>abou, 650m south of the Logan Memorial Church) sho·;.ed 

50cm of red and bro·•:n clay, fairly plastic, with some roots 

and so:ne small stones, 'o! •.eath 30cm of top soil. Uwing to the 
built up nature of' the area this sample location is not 

available for development as a source of' ra•: material. Another 

exposure · .. as seen to the north of' the radio mast where ove:r 

lm of a dark grey clay is exposed. 

t 
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The impression gained from the field work on Truk tended 

to the view that tne raw materials there are not suitable, 

or else only for simple items such as bricks, which may account 
for there being no record of previous cera~ic activity there. 

3.2. Other Potential Raw ~aterials for Building Material Use 

The ~rimary purpose of the mission was to investigate 

tne clays available for ceramic uses. In passing, some other 

sources of building material were noted: 

3.2.1. Limestone. Fairly substantial quantities of old (not 

living) reef limestone occur at the south end of Babelthuap and 

on Koror in Palau. The harder stone loo!-:s suitable for burning 
in a simple vertical shaft kiln to ~ake building lime, i.e. 

tor mortar and ·~Ihitewash, etc. However, the site selected for 

quarrying would have to be well concealed so as not to cause 
unacceptable damage to the natural beauty of the area. 

Apart from living coral reefs, there appear to be no li:!lestones 

available on Yap islands proper or on Moen and Dublon in Truk. 

3.2.2. Basalt (natural building stone). A large quarry h~s been 

opened in the thick flow of basalt igneous rock close. to the 

present airfield runway on Moen in Truk. It is being used for 

aggregate for the construction of the new,longer runway there. 

In the lower part of the quarry face, the basalt is columnar 

and yield~ large size blocks often with nearly flat faces. There 

is at least one private house, in the area of the District 
deadquarters, whose walls are built from this rock. It appears 

to be a more appropriate material to use than the ubiquitous 

imported corrugated galvanized iron sheets, that are used throughout 
Yap, Palau and Truk for the walls and roofs of houses. Obviously 

the Moen 'oasa.Lt would be too heavy snd the transport cost tea 
high for it to be utilized Jther than on Moen. 

4. SAHPLES M!D FUBTHER TESTING 

As one of the objectives of the mission, samples ~ere taken 

as deemed appropriate of those clay raw materials -;:hich appeared to 

have the greatest significance for the possible future establishment 

o! ceramic industries in Yap, Palau and Truk. A decision on what 

testing should be done, and 'Nhere, ·::ill be made in consultation r.ith 

' 

• 

• 



- Z7 -

the SIDFA at UNDP, ir. Suva. In each case, not le:s than lOkg 

of representative 31aterial ·:;as collected, from one exposure 

or borehole, placed in double plastic bags and labeled ~ith 

t::e sample r.o., tile clay type and the location. 

4.1.The Saooles. 

4.1.1.Yap. Sample ~o.261179C. Yellow-bro\'l?l clay.Derikan • 

" " 271179A. " II II • Nwnnung. 

" " 261179A. Hed-bro·:;n matt.clay. Gachlau. 

" " 261179B. " " " " Derikan. 

" " 2711798. Medium bro";?n clay. :·iurru. 

These five samples are held by· :-ir. Philip Rrig in the 

office of ~esources and Development, in Colonia, Yap. 

4.1.2.Palau 
Sa!!lple iio.0312T.1J\l. ·:.'hite/red mottled clay.Airaitairport). 

" " 
II !I 

" II 

II II 

II " 

031279A2. Grey clay. Airai (airport). 

031277A3. ~rey clay weataering green. 

Airai (airport) 

C312'(9Hl. :.'.'hite/red mottled clay.Airport buil~ing. 

301179A. 1hite1red mottled clay.Oikul. 

30117<)8. 3rey clay. i;gatpang. 
·.:-hese six samples are neld by .-:r. Isamu To·;:ai in th.: office 

of :and Manage~ent in Koror, Palau. 

4.1.3. Truk. 

~ample ~o.07l279A. Truk ~lay. Epinup. 

" II C7127;1.d. Truk stony Clay. Sabou. 

These t:.o samples a:::-e held by Mr. Si:aion Leo in the off:.ce 

of Land !4anageme::t en ;.toen, Truk. 

~efore they can be :ransp·Jrted, these samples have to be 

placed, stiL. ·::i thin their plastic bags, into small open 

top steel ~ruLs Jr oth~r secure metal containers, free from 

grease, etc. 

4.2. Laboratory Testing. 

Ass~~ing that the most likely products to be Jroduced, 

at l~ast initially, from ~hese clays will be pottery and 

simple structural clay products such as bricks and possioly 

roofing tiles, the field geologist recommends that any 
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progra::u:ie or laboratory testing proposed for t;1ese samples 

should determine the follo~ing physical characteristics. 

( Chel!tical and mineralogical data '.~·ould be instructive but 

or !ar less practical significance) :-

Grading. Sieve analysis and sedi~entation (~ndreasen 

pipette) analysis to sho~'! the tollo':.·ing 
size fractions: 

Gravel 

Coarse sand 

Fine sand 

.Silt 

Clay 

:larger than 2.4mm 
:2.4 to 0.2mm 

:0.2 to 0.02mm 

:0.02 to 0.002mm 

:smaller than 0.002mm 

The fine sand, silt and clay percentages are then 

plotted on a '.'/in::ler Diagram to indicate possible 

suitability for pottery, tiles, etc. 

Plasticity. Dete~~ination o! the Atterberg Plastic 

and Liquid Limits, and by difference the Plasticity 

Index, by ~eans ot a Casagrande apparat~s, etc. 3y 

plotting on a graph of PL v. PI, as propJsed by Bain, 

the likely suitability for moulding pottery, oricks, 
etc., can be judged. 

Dryin,..- Shrinkage. Determination of the drying shrinkage 

(DS) at successive reducing water contents as drying 

proceeds, ending ':.ith drying to constant ?:eight at 

llo0c. Hence ootain the Bigot Curve and the Drying 
Sensitivity {DSe) :-

·1 w 'm - c 
DSe = 

We 
\I/here ,'/m is the .pe~·centage of ·:;ater needed 

for moulding and We is the 'critical' water 

content after which no further drying 

shrink~ge takes place. 
When DSe is less than 1, the clay is said to be 'not 

drying sensitive', between 1 and 2 it is 'sensitive' 

and above 2 it is 'very sensitive•. 
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Green Strength. The flexural or bending strength of 

dried, u~fired test speciMens, 120 X 20 X 20 t!?ll. 

Firing Schedule. Determine the likely optimum firing 

temperature and firing characteristics of the clay by 

firing in a kiln test ~pecimens, preferably at six 

different temperatures, otherwise four or at least 

three, as indicated, and note,for each temperature, 
the properties sho~n in the column on the left: 

Ideal range of temp: 850 900 950 1000 1050 1100 °c 
or 850 925 1000 1075 

mini~um tests 875 975 1075 - - - - - - - - - ~ - - - - - - - - - - - - - -
Sound test (ring) 

Appearance (colour,etc.) 

Firing shrinkage 

liater Absorption 

Co~pressive Strength 

In the opinion of the field geologist, a good guide to the 

suitable tests for evaluating clays, especially for structural 
clay products aanufact~re, is given by Vladimir Lach (later 

revised by T.Chvatal) in his paper 'Testing and Evaluation of 

Brick Clays' for the Aue;ust 1968 Interregional Seminar on the 

Developwent of Clay Building :1aterials Industries in Developing 
Countries, UHIDO document ID/riG.16/2,July 1968. 

4.3.A Suggested Alternative A~proach 
It is understood that there is provision made in 

the project budget for up to US$10,000 to be available for the 
laboratory testing of tile samples. The field geologist fully 

supports the proposal to carry out thorough testing of raw 

materials before any decision is taken ~hich leads to a ~ajar 

capital investment, such as !or a medium or larger scale factory 

with the importation of machinery and building o! kilns costing 

more t n, say US$250,000 and as much as US$3million or more. 

Such testing is essential to avoid the risk of losing the capital 

investment due to inappropriate raw materials being selected and 

processing of bulk quantities on an existing plant is usually 
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mandatory. 
However, in view or the relatively small size or the 

local market and the fact that,with steeply rising fuel costs 
for transport,bulky items such as bricks and other building 

materials will be made in comparatively small factories located 

on ra~ material deposits close to the centres of consumption 

of the products, tne field geologist suggests that the propcsed 

laboratory testing may not be appropriate and that the ooney 

could be spent more profitably, socially anci economically, in 

other ways. In addition, discussions ~ith TTPI gov=r!li:lent 

personnel have sho•.n a lllarked preference for th::: establ!.s~1~snt 

of s~aller scale, lo~ capital, rural manufacturing units i~ the 

case of these projected cera~ic activities on Palau,Yap and Truk. 
Further investi 0ation of the clays in Palau is 

fully warranted and those seiectad in Yap and Truk are also 

worth tryin~ out. The field geologist yroposes that this further 

work be done locally, probably based in Palau, ~ith field tests 
in Yap and Truk if the tests done on those samples in Palau 

are promising. ·:L'he many reasons ·-.i!J.y this approach '!'Ould be 

more appropriate are listed below. 

4.3.1. Advantages to Local Zvaluation of the Clays 

The time factor. ~esting by overseas laboratories takes a long 
time - more th~n t·:;o years in the U.S.A. Pr ;vided f'. suita:l'3 

candidate can be recruited, ·ith the facilities available in 

Palau results should oe available in one year or less. 

Scale Up Probleo. :ocal tests ~ould be on 'full scale' specimens. 

Laboratory tasting is on small speci:iens and the ra·:· material 

still aas ~o be proved to be suitable for actual ~reduction 

conditions. 
co~munication. Local testing means that the performance of the 

raw materials and the process used can be demonstrated directly 

to local government .officials and entrepreneurs. 

Funding. Part, at least, of the 'tes' -i.ng' budget ..-:ill be spent 

within the Trust Territory and some will enter the local '3conomy 

through the pockets of local people e:nployed to assist '.::i th the 

work. 

·~---·-·-· ~ 
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Local Facilities Exist. A fully equipped pottery, requiring 

possible Clinor items such as pyrometric cones and diesel for 

the generator, exists at Kless in ~belthuap (the Ngarsuul 

Pottery) and items such as kickwheels and firebricks for 
reconstruction of the pottery kilns e::ist at the now defunct 

pottery at the Palau Pigh School. (Ther"l are t-:Io kilns intact 

at the ~;garsaul Pottery) .See the end of Appendix VI for an 
inventory of the items seen at those t·:·o sites. 

It iiOUld be an easy matter to construct a simple brick 

::iould with ;,;hich to make sand moulded bricks for firing in 

the pottery kilns. 
A much more convenient location for the'Ngarsuul 1 pottery 

would be close to the Airai (airport) clays and a suitable 
site for it may be the sev~nth LJa.Y Adventist School nearby, 

if arran-~ements can be agreed to transfer it from Kless. r;o 

use has been made of the pottery by the Kless people since 

at least June 1979. 

In order to carry out the local testing properly, due 

to the a~sence now of ar..y one ·:;ith the requisite skill in 

Palau it i':ould be necessary to recruit a u:·iIDO Associate 

Expert, or a U.K.Voluntary ::;ervice Overseas or U.S. Peace 

Corps volunteer to do tile "·ark, u~1der the:: supervision, 
feriodically, of a visiting uNIDO Adviser or ceramic specialist 

from Gua:.a or Ha~aii. • 
It is strongly reco:;tmended to the authorities in 

Falau that all ?recautions be tak~n to ~nsure that the 

pottery equipment and ~aterials at Kless are not permitted 

to suffer the same fate as did those at t~le ~.,alau riigh School. 

rne existence of that pottery 1 either at Kless or preferably 

coved to ne~r the airport, is a con~iderable asset for use 

in turther evaluation ~r the clays not only of Palau cut or 

other locations in ~.U.cronesia as well. Undoubtedly, the 
ceramic technologist, proposed !or executing Phase III or this 

Project, will find it or the greatest convenience to be able 

to carry out small scale investigations ~1th those facilities. 

___ ._. :W1 

I 

! 

' 
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It is SU$gested that the person best able to 

decide whether the work of the second phase should 9e 

carried out in a ceramic laboratory i~, for example, Australia 

or the Philippines, etc., ·::ould be the SIDFA for the region, 

hr. Dello-Strologo, '.::ho himself has much experience in this 

field. One factor not cle1~ at this stage is ho~ true it is, 

as has been suggested, that the Ngarsuul Pottery is the 

•property• of the village of Kless. It is recommended that 

the appropriate authorities, presumably in Palau, make careful 

investigation to ci~termine ho· .. .- easy, or iifficult it would be 

to re-locate tha~ pot~ery in Airai, as close as possible to 

the source of clays there, near the airport. 

5. OTHER Il~FORMATION \"ftHCH MAY BE RELEVANT TO THE f _,QJECT 

In the course of the mission, the field geologist 
observed various other factors which could affect the development 

of pottery and small scale manufacture of structural clay 

products in Yap, Palau and Truk. 

5.1. Im"Dorted Building Hat'!rials 

~1th the exception of structures such as the •men's 

houses' and fish~rmen's boat houses, ne~ houses are using 

entirely imported materials. The cement for the floors 
co1:1es from Taiwan· or Japan and costs the local builders, in 

Koror, for example, US$~ per 40kg bag, i.e. US$170 per 

metric tonne, which is expensive. The corrugated galvanized 
iron sheets for the ·:;alls and roofs is USG 26 guage and 

comee !ram Japan. The frame is ~ade from imported larch 

and Douglas fir. The alu~inium and glass for the louvre 

windo~s is imported. 
There is production of bollo~ concrete blocks from small 

factories in Koror, Colonia (Yap) and on Moen using the 

imported cement and coral sand. The blocks sell for o5 to 

llO cents each. 

There is no production of building li:ie in :Iicronesia 

althou.;h deposits of limestone, ·.hich may be suitable, 

exist in Saipan and Palau. 

·---·=--, 
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5.2.Little Indigenous Manufacturing Skill Exists 

At the present time there is no-one engaged in the 

making of fired clay products that the field geologist has 
learned of in Micronesia. The two men who assisted the foreign 

potters at ~garsuul Pottery in Palau have either left the island 

or are engaged in other courses of study. Since 1939, it 

appears that all ceramic activity was initiated and largely 

carried out by foreigners. 

In addition, apart from some production of concrete 

blocks, the field geologist sa~ no ~vidence of any industrial 

production as such being carried out in the islands visited. 

The tourist and •craft' items on sale in hotels, etc. appear 

to be imported. 

5.3.Local Entrenreneurs 

There are a fe-:; Micronesian people, such as i·ir. Demei 

Otobed in Palau and Mr. Q.uirino !1endiola of Ponape, '.-:ho wish "to 
pro~ote industrial enterprises and are interested in the 

possibility of manufacturing bricks and other building materials. 

5.4.Fuels 
The fuel used in the pottery at 1;garsuul {Kless) ·::as 

diesel, through a Japanese oil burner. It seems highly li::ely 

that the cost of diesel will become too high, along -:rith other 
imported fossil fuels, (or it to be feasible for use in pottery 

and brick production. 
At present there is no exploitation of the ressrves 

of timber .. l:lic~1 a~pear to be fairly abundant on ::iost islands. 

·:1ood is a traditional fuel for burning clay bricks and it is 

suggested that ~angrove and other timbers should oe used in 

future. In addition, and possibly as a ·::ider ranging ssfegu~.rd 

to establish fuel reserves ~enerally in Micronesia, fast 

gro·::ing tree species, perhaps including the Giant Ipil-ipil 

woich has been so successful in the Philippines in the past 

12 years, should be planted now. 

In P~lau, a further important advantage of the Airai 

airport site as a potential centre !or cer~.mic productio:., 
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is the e:-.:istence t.here, close to t!!e surface, of one or more 

beds of lignite up to l:i thick. As proved by ~he Okina·;:an 

brick and tile ;iiaker on ::gerasch in 1939-42, ilen dried 

this lignite, ·::hich is a type of lo'.·,· grade coal occurring 

also in ::gatpang and Oikul, is a valuable su~ple:nent to ood 
as a fuel for firing the kilns. 

5.5.Seismic Activity 

Contrary to some state~ents made, th~ level of seismic 

acti11ity in Yap, Palau and Truk is too lov: to influence the 

design of buildings and the choic~ of building ~aterials. 

iiowever, some precaations, especially in the ~aterials and 

fixing of the roof, have to_ be tak;n to cope ~ith the 
occasional typhoons that pass through, especially in the 

western Caroline Islands. 

6. RECOMl·IENDATIOi'iS 

6.1. Palau Clays 
A good vari:ty of clays exists on the island of 

Babelthuap in adequate amounts for supplying ra. material 

to small or medium scale ceramic factories of different types 

such as pottery and structural clay products. Some of 

these clays have been proven already to be suitable for such 

uses. 

'l'he most accessiole and best exposed deposits occur 

between the airport building ~nd the old bombed Japanese 

building in Airai. It is recommended to consider taat locality 

first, as being appro~riate in many respects, for the siting 

of any ne~ cera~ic production centre in Palau. 

6.2. Yap <.:lays 
At least tnree types of clay deposit, all readily 

accessible, are present on Yap in amounts sufficient for 

establishing small to medium scale production of fired clay 

products. From the available soils engineering data and 

observation in the field, they appear also to be of suitable 

quality, possibly ·11nen blended, for at least the making of 

bricks as ~ell as the .evival of the casting of pots. It 
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is recommended tha~ the three samples or clay from Yap 

should be tested, after suitable preparation, by moulding 
and firing simple pots and bricks to ex~mine thJir quality. 

The facilities of the pottery in Palau could be used for this 

purpose if the samples are not to be sent to an overseas 

testing laboratory. 

6.3. Truk ClY§ 
Clay is ple:!tiful on both ;.ioen and uublon, for 

example, but the t~o types of deposit do not appear to have 

good 1noulding cr.aracteristics an.d it is possible that only 

hand moulded bricks ca~ be ~ade ~ith them. 
As -ith ~he Yap cla1s, the samples could be moulded 

and fired in the pottery in ~alau. If there is strons local 

interest, some bricks sholild be made locall;, by hand, and 
a simple. clamp construe ted for firing thein 7·ith wood as fuel. 

6.4. Testing 
The present proposal in the ~reject Document is for 

the 13 samples to be despatched for testing in a competent 

ceraaiic laboratory. '.l.'here are many :-easons for an alternative 

approach ~1hich is to test them 'by hand' , on the ' full scale' 

using the facilities that already exist in ralau. 

The fiel~ geologist is in favour of doing the asses:~ent 

·.=1ork locally and su!!;gests that the SIDFA for the Region is 

':;ell placed to decide this point, in vie·~: of his o .. ·n technical 

and personal _nterest in this project. 

6.5. The Pottery in Palau 
At th~ present tLne, there exists at K-~ss in Palau 

a complete pottery, ith all basic facilities, n~eding little 

attention for it to become operational. Other valuable ite~s, 

also not being used, exist in the Palau High School. The~e 

constitute a most valuable asset for facilitating any ru~ure 

re•1ival or ceramic industry in Palau as •:ell as for the 

evaluation or clays from other parts of Micronesia. 
It is strongly recommended that action is taken no~ 

by the appropriate authorities to ensure that all the items 

!low in the pot~E:ry -t Kless are safeguarded ~nd that the 
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same f~te does not befall the Kless (:Ngarsuul) pottery 

as did the one at the Palau High School. 

The site at Kless does not appear at all suitable 
for a pottery. A more appropriate location ··:ould be in the 

vicinity of the airport in Airai. Here the best source 

of clays exists, as well as lignite fut , the communications 

are good and the location is neither too close to Koror nor 
too far. 

6.6. The Ceramic •rechnologist 

rne person to be recruited for Phase III of the 

project should be · .• ell aquainted with methods for the :naking 

of bricks, both by hand as _-:;ell as by small, efficient 

mechanized plants, and pottery. ?referably he/she should be 

able to demonstrate, ~ith· the assistance of an associate 

expert, U .• K. Voluntary Service Overseas or Peace Corps 
volunteer, h0w to '.:lake pottery and also to make bricks and 

tiles by hand and to fire them , for example in a small cla.~p. 
1here .1ould be, in addition, the work already specified in 

the job description of assessing the market and type of 

industry that should be introduced. 
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UNITED NATIONS APPE:rnrx I 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

Post title 

Duration 

Date required 

Duty station 

Purpose of project 

Duties 

UNI DO 

JOB DESCRIPTION 
SI/TTP/79/ao1/11-o~/32.1.B 

Field Geologist 

Six'weeks 

As soon as possible 

• 

Saii>an, with travd to Palau, Yap and Truk 

To assist in the investigation of the potential for a local 
ceratnic industry 

The expert will be attached to the TTPI Government. The 
expert will specifically be expected to: 

1. Stu~ available information on clay deposits (and relatci 
test results) in the Palau, Yap and Truk Districts; 

2. Carry out a geological survey of clay deposits in the th:-ee 
districts with the logistic assistance of the Public Works, 
Department and other District Headquarters facilities; 

3. Ascertain the quanti_t_lt ~e-pt~ and consistencl. or the clay 
deposits and their accessibility to-th-e Centre; 

4. Collect representative samples from the aurveyed deposits 
foi- the ln.boratory testing: 

5. Prepare a report on his findings and rec~mmcnd.ations. 

The expert will alco be expected to prepare a finn.1 report, setting 
out the findin~s of his mission and his recommendations to the Govern
ment on 1\lrther action which might be taken. 

Applications and communicarions rcg~rding thi• Job Description should be sent to: 

Project Pursnnnr: Recruitment Section, Industrial Operations Division 
Ui·!IDO. r.O. Bo:· 707. ll.·1010 V!c,,n3, Austria 

. ... / .. 

___ ... 
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Appendix I cont. 

Field Geologitt with uperience in clay exploration 
and knowledge of technologies of clay products ma.'1Ufactures. 

English 

The Trust Terri toey of the Pacific Islands ('l"l'PI) consi::ts 
of over 2,000 islands covering about 1,300 square kilometers 
of land over an area of over 7 ,500,000 square kilometers 
of ocea.."l. However, only 84 of .the islands are inhabited. 
with a total population estimated. at 120,COO in 1978. 
:Most live in the distr~cts Pal.au, Yap, Truk and Pona.pe. 
The Headqua:-ters of the TTPE Government is located in 
Saipan in the Mariana Islands. 

At present the building pattern in Micronesia seems to favour 
the use of reinforced. concrete to suit the US Federal 
Standards for anti-cyclone ~ti-seiS?n~ conditions. Howpver, 
with the gradual introduction of independe."lce via the 
establishment of "The Federated States of ?acronesia" and 
the termination of the trusteeshi'D which the US .Ad:ninistratior. 
has announced. by 1981 the use of iocal btiilding mterials, 
including bricks, might become a matter of primary concern. 
The production of pottery for sa1 e to the ever increasing 
mmber of tourists as well a local manufacture of ceramic 
filters represent other promising possibilities. 
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APPENDIX II 

Tii>!E SCHE~ULE FOR THE MISSION 

~ 

November 11th 1~79 

12th 

15th-16th 
lcth 

19th -23rd 

24th-27th 

20th -
ilece::iber 4th 

January 

.5th 

6th-11th 

12th-17th 

1-th 

19th-21st 

22nd 

23rd-30th 

3rd-4th 1980 

Event/Location 

Departed from England. 

Briefing in UNI.DO, Vienna. 

Briefing at UNDP in Suva, Fiji. 

Arrived in Guam, in transit. 

In Saipan for briefing by TTPI 
Government. Prolonged by three days 

due to cancellation of flights. 
In Yap. 

In Palau. 

In transit in Guam • 
In Truk, prolonged by one day due 

to a flight cancellation. 

In Saipan for re::;ort ·::riting and 

final discussions ·:·i th TTPI 
Government staff. 

In transit in Guam. 

In Fiji for de-briefing. 

Assign:nent time ended .. ith -;erarture 

from Fiji. 

In Indonesia for private visit to 

project INS/74/034 at the invitation 

of the Director, Directorate ':If 

Building Research, Bandung. 

Debriefing at U~IDO, Vienna. 

1 
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A:PENDIX III 

COUNTEaFAJTS AHD SOME OTHER LOCAL CONTACTS 

SAIPAil 

Counterpart: ~-ir.Ermas :·ie;iraelbaed. Acting Chief of Lands,TTPI. 

Contacts: ~1r. Kozo Yamada. Director of .the Bureau of Resources. 

~-irs. Elizabeth Udui. Chief Econouist. 

:·tr • ..tichael Dean 3ody. Director,Office of Pla!'lning 

and Statistics. 

:-fr. Nahum Benzeevi. UNDP Econo:nic Adviser. 

YAP 

Counterpart: Mr. ?hilip ~rig, deputizing for ;.!r. Sam Falanruv:, 

Director, ~esources and Develop~ent. 

Contacts: :·Ir. Charles D.Jordan. State Planning Officer. 

~·ir. John :-Iangefel. Governor. 

PALAU 

:-!r. Hillary Ta:cheliol. Lt.Governor. 

Mrs ~ar~ie Falanruw.~ap Institute of Natural Scienc~s. 

~·Ir. Henning Gatz. Economic Development Adviser •. 

Counterparts:Hr. Isamu To".';ai. Land Classification Technician. 

Mr. Hank Taka .. o. C:conomic Development 8c Resources. 

Contacts: :·tr. Ki.n BatchAller. District Administrator. 

Idesair Iechur. Land ~anagement Officer. 

:-rr. Sal Ongrung. :::conomic Development Officer. 

Ar. James igirmechesengel. For~er pottery trainee. 

:·ir. De.uei Ot:Jbed. Chief Entomologist. 

'l'ina :Renuher. Director of the Museum. 

i·ir. Ludwig Hayer. FAO cattle expert. 

~r. Chris Smith. U.S. soil survey scientists. 

:·tr. Neil :aa bik " " " " 

Ifill! 
Counterpart: Ar. Simion Leo. Land Management Officer. 

Contacts: ;.1r. Erhard Aten. Governor. 

Mr. Redley Killion. Economic Adviser. 

i·1r. Eric Thompson • .c:conomist for the legislator. 

------~ 

- ' 
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APPE!WIX IV 

• 
RESULTS OF CERAl4IC TSSTS ON PALAU CLAYS BY NY STATE UNIVi.!LFRED 

Summary of the Significant Information, with other Co .. ents. 

Sample No.Location Results 

A-1 Ngerasch Light grey clay, lo.-: ~·e2o3 , not g:>od 

but listed originally for throwing, suitable for ceramic 

:8-1 

B-2 

c-1 

D-1 

F-1 

F-2 

1''-3 

as ~Igatbang. 
:igerasch 

Ngerasch 

Ngerdmau 

~';garsuul 

A.irai 

(NL) A-1 Ngatbang 

filters -absorbs, fires white. 
Not good for thro~ing, OK for 

structural clay products. Fires red, 
moderate absorption, not m~ch cracking. 

As e~gobe or for high porosity uses. 
Not good for throwing. Fires ·:·hite 

above lll6°c. 
~·or bricks or coL:;ured slips and 
engobes. Not good for thro· ... ing. Fires 

OK to a dark red-grey. 
Dry pressing and other structural clay 

products. Very short, fires red,OK. 

According to Vitarelli, the Airai 

clays are grey,_ very plastic and tight 

and contain lime • .:tY StatEIJniv. analyses 

sno~ very little lime present. 

1''-1 is good for thro·::ing, sculpture, 

fires ·.:aite to pale yello•::. 

F-2 is like a ball clay, too plastic 

on its own - use to a~d to a non-plastic 

clay. D.S.=13%, fires to a pale blue

grey or off-~~ite. 
F-3 is very goorl for thro:•:ing. D.S.=~:;. 

Some tendency to crack. jires yello· • 

Thro· s fair. ~trong, good handling 

body, could be mixed '.':ith .lf-2. O.S.:11.7,~. 

No cracking. Fires OK to a pale red 

or pal~ grey-red. 

Notes: Th2 sampling was done by Sandy vitarelli and Hank Takawo. 

See report of Vitarel.li ior August l'-177 for some location, 

in!orma!.; on and sketch maps. 

• Address: New York State College of Ceramics, Alfred, NY 14802, USA. 
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APPSNDIX V 

INITIAL REPORT BY :~VILLE R. HILL, UNIDO FIELD GEOLOGIST 

on 

POSSIBLE CLAY DEPOSITS FOR CERAMIC USES OB YAP PROPER 

PURPOSE OF THE MISSION 

Briefly, the main duties were to study available information, 
carry out a geologi.cal survey of the clay deposits, ascertain their 
depth, quantity and consistency, collect any samples necessary for 
laboratory testing and report on the findings and recommendations. 

YREVIOUSLY AVAILABLE I~FORMATION 
1. History of ceramic Activities on Ian. It was known that in 
at least one location, women used to make pots by coiling the 
clay; those people are no longer alive and the knowledge of the 
clay used has been lost. During the mission to Yap, it was Learned 
that pots were made in Gitam, Ngof and Gachlau. There is at present 
no ceramic production on Yap-proper. There is a small factory 
making concrete blocks, reputed to cost US$1.10 each. 
2. ;,;eological Data Available .• Unlike Palau, no previous sampling 
and testing of clays has been carried out recently on Yap. Soon 
after Worl·d ·:1ar II, a very comprehensive report on the soils, etc. 
of Yap and other :-iicronesian islands .,.as compiled which gives 
plasticity, shrinkage and granulometric data for the soils at · 
various locations together with a series of maps. See "Military 
Geology of Yap 1sland. Caroline Is.". Intelligence Division, Office 
of the Engineer, HQ U.S. Army Forces, Far East and Eighth U.S. Army 
(Rear), 1957. 

In "Micz:-onesian ~inerals" by Gabriel Dela Cruz, Dept. of 
of Resources and Development, TTPI, Saipan, there is no mention 
of clays on Yap; the only similar material mentioned is bauxite, 
though not of commercial interest due to its high silica content. 

AREA SURVEYED 
In the two da~s available for field work, the following areas were 

visited by four wheel drive vehicle, in company with Mr. Philip Rrig 
of theoffice of the Department of Resources and Development: 

From Colonia westwards to the airport and then south to Gachlau. 
From Colonia north-west to Numnung, were the Governor had mentioned 

that a clay exists, then to Dugor and Colonia. 
Fro~ Dugor north to the German bridge over tr.e canal and then 

south-west to near the Loran Station and north to Maki 
and Hurru. 

CLAY AREAS LOCATED 
There are at least two, possibly three, different types or clay 

deposit which exist in adequate amounts for use in small scale brick
making ,pottery, and such uses, though the actual quality of the material 
for such uses still remains to be proved. The indications are that they 
are likely to be suitable for hand making or bricks and pottery o! the 
type made previously. 

Area 1. This is the extensive area o! reddish-brown SJil on which 
the present airfielc is constructed, extendj.ng !rom Derikan in the north, 
on the road to Colonia, south through Ngor to Gachlau and beyond. On 
Map 4 of the ''Military Geology •••• ", this area :i-s .coloured pink, and is 
the soil occurring above the Tom11 Volcanic Formation in that area and 
classified as "Red Clayey Silt (MH)". It consists ot a red-bro·:n or 
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Appendix V cont. 

mottled clay,stirr, fairly plastic, free from stones, well drained 
and easily accessible. There is no overburden and the two sample pits 
dug in it found at least 0.65m or this clay and it is likely to be 
much thicker. 

The samples were taken as follows: 

No. 261179A. At close to sample point 31 of Map 4 or 'Military 
Geology ••• •.Approx 300m north or Gachlau, turn left, i.e. west, 
and proceed 58m down the track towards Malai. Then go 17m south 
on an opec, uncultivated area free from jungle gro~th.The sample 
was taken at a depth of 50-60 cm •. 
No. 261179B. Near Derikan. The magnetic bearing to the U.S. flag 
flying near the airport was 142° and the range 550m. The bearing 
to the south end of the nearby lake was 180° i.e. south. The 
bearing to the north end of the lake •::as 210°. The electricity 
post at the nearby crossroads bears· 10° and the range r·as llOm. 
This hole found mottled bro~n and light red stiff clay, fairly 
plastic and uniform and extending at least to 65cm. At. this point 
a sample was taken. The area here available for development 
measures at least 300m by lOOm and -::ith a depth of at least 0.65m 
and no overburden there is 20,000m3 availablehere and cuch more else-

. where. 
Area 2. This is.a huge area, making up more than 25% of the area or 
Yap. It overlies· the Yap green schists, extending North of Derikan and 
the road there and will be exposed when the new airfield is built. 
It extends north to Dugor and Numnung and oeyond. The thickness available 
is variable and is as little as 30cm in places. The overburden is 

usually 20cm of earth and stones. Samples were taken as fol!ows: 
No. 261179C. North of the road near the airport. Bearing to the 
electricty post at the crossroads = 200° and range ?Om. Bearing to 
the US flag 145° and range 450m. A uniform bro~n-yellow clay 
occur~ from 20cm depth to 75cm depth and then there is green 
schist. · 
No.2?1179A. Near Numnung, on the south side of the road in a 
cutting. A maximum of 6oc~ of brown-yello~ clay, al.plastic, 
above green schist. Overburden is 20cm of stoney earth. 

Area 3. This occurs around Maki and Murru on Gagil-Tomil. The surface 
consists of 35cm of li~onitic ~odules. Beneath is a clay. 

No. 271179B. After 35cm of 0 11erburden, there is more than 75cm of 
stiff brown clay , fairly plastic. It probably extends much dee~er 
as the Military Geology report mentions it can be up to 2?ft thick. 

Conclusions. The initial conclusion is that there is much clay on Yap, · 
especially lying above the 'l'omil Volcanic formation such as around the present 
airfield, for example, with easy accessibility and adequate thickness for 
small scale industrial use. A thinner deposit ot clay, usually less than one 
metre thick, lies on top of the Yap green schists and is very extensive. 
A thicker clay, possibly up to 27 feet, occurs around Maki and Murru. The 
clay above the green schists was used for Nevilre/ R. ~-'·' l~~ t.!' 
coiling pots. It is likely that bricks , , t!; ~~, 
can be made t rom all three clay Conscruai~"fa bloeist _, 
occurrences which have been found / / 1 
on Yap. Samples are being held in the office , No vt..,,,.Jur ( '(7'(. 
ot Mr. Philip Rrig pending a decision on 
what te•ting, possibly in Australia, should 
be done, if any. 

-
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INITIAL REPORT BY NEVILLE R. HILL, UNIDO FIELD GEOLOGIST 

on an 

INVESTIGATION OF CLAY DEPOSITS FOR CERAMIC USE IN PALAU 

December 1979 
1. PURPOSE 

The purpose of the mission w~s to determine the location, quantity 
and potential uses of available clay deposits, and collect samples as 
necessary, by means of study of already existing information and field 
work in selected areas. The mission would not specifically determine 
the market for ceramic products or make proposals for the design and 
establishment of manufacturing units. These were to be amongst the 
duties of a ceramic technologist to be recruited by UNIDO in the near 
future. 

2. SUMMARY OF PREVIOUSLY AVAILABLE INFORMATION 
The following data was collected in the form of reports available 

from UNIDO in Vienna, UNDP in Fiji, the Bureau of Resources in Saipan 
and discussion with people in Palau. 

2.1. Clay Deposits. A fairly detailed description of the geology 
and soils of Palau, with excellent maps and test results on samples 
for plasticity, granulometry; etc., is given in "Military Geology . 
of Palau Islands,Caroline Is. Intelligence Division, Office of the· 
Engineer HQ·u.s. Army Forces Far East & Eighth U.S. Army (Rear) 1956. 11 • 

Plates 27 and 30 of that report indicate the soils and clay types 
likely to be of most interest to the present investigation as rolloTs: 
Plate 27 Engineering Geology Plate 30 Engineering Soils 
Weathered from volcanic rocks: 
Unit 3 weath,red volc.breccia.- Unit 3 deep,lateritio,sandy clay & clay. 
Unit 4 weathered tuf!. - Unit 5 deep,lateritic,silty clay. 
Unit 6 lt.coloured mottled clayTUnit 3, mostly. 
Sedimentary rocks: 
Unit 7 Clay with lignite-. - Unit 2 shallow sandy silt over sticky 

plastic clay. 

From a ceramic viewpoint, it is of the greatest significance that 
a range of clays exists, from those that are plastic to those that 
have a silty or even sandy element in them so that there is a good 
possibility of achieving the optimum desired properties in moulding, 
drying,and possibly also in firing,by making up mixes of two or more 
different clays. 
From the maps, the areas ::here these different clays occur to the 
greatest extent are 1) around Ngatbang and the island cf Ngerasch 
( Ngerassa), 2) Airai, south and \':est of the present airport, and 
3), to a lesser extent, Oikul.(Japanese spel:ing= Goikul). 
Samples from .::gerasch (4), Ngarsuul (1) 'Nhere a pottery was operated 
recently, i~gatbang (1), Airai (3) and Ngerdmau (1) have previously 
been collected by one ot the potters at Ngarsuul, in collaboration 
with the Palau Economic Devel~pment Office, and were sent, via the 
SIDFA at UNDP,Fiji, to Alfred University in New York State~ A sum:iary 
of the throwing and moulding, drying/tiring shrinkage and cracking 
tendency, etc. is given in Appendix l. 

In summary, the results suggest that the Ngerasch deposits 
are more suitable for making ceramic tilters and structural clay 
productg, 'A"hilst the Airai material was found to be better for 
sculp~ure and making thrown products. 

• i.e. NY State College ot Ceramics, Alfred.NY 14802. 

- ' 
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In 1940 the white clay deposit at Oikul was surveyed and found 
up to 5 feet of white clay close to the surface in the area to the 
north of the stream which has been dammed to supply water to the 
shrimp po~ds. The map of the deposit, with sections, forms Fig.12 
of th~• ~-!ilitary Geology ••• " report and estimates that 23, 000 metric 
ton~~s of material are available. Peat or lignite also occurs there. 
(see p.268 of the report). The clay \':as said to be of 'fair ceramic 
quality•. 

The deposit Jf clay on Ngerasch Island, in Karamado Bay is, like 
the Oikul and ii15atoang and Airai deposits, an occurrence of clay of 
the Airai Formation, and also has associated lignite seams, the thick
est being up to l metre. The Airai clay is described in detail on 
pp.52-55 of "Military Geology ••• " and it and the lignite are also 
covered from their economic a~ects on pp.259 to 268 together with 
a map of the deposits on Ngerasch Island, borehole sections and analyses 
of the lignite. On Ngerasch Island, the clay extended from the surface 
to a depth of 4 to 8 feet and from the .sketch map on p.261 appears to 
extend over at least 180,000 square metres. Hence reserves there 
could amount to around 350,000 cubic metres, or say 800,000 metric 
tonnes. 

The proportions of kaolinite and montmorillonite in the Airai 
clay formation vary from almost pure kaolinite (i.e. almost a china 
clay) in Oikul to predominantly ~ontmorillonite, with some kaolinite 
(i.e. more like a ball clay)on the east side or the main road cut on 
the east side or Karamado Bay (see p.53 of "Military Geology •• "). This 
is of considerable significance to the ceramist as it means that it 
should be possible to find rather refractory type kaolinite rich clays 
suitable for refractory bricks (fire bricks) and more highly plastic 
ball clay type clays ~hich are very useful for raising_the•mouldability' 
of the otherwise not so plastic ~hite kaolinite clays.• 

One of the problems of the sampling done prior to tne present 
mission is that there is uncertainty, owing to inadequate field 
description of the clay and its precise location, as to which particular 
clay material the Alfred University ceramic tests refer. 

• Similarly, any excessive drying shrinkage, and possible tendency 
to cracking experienced with the very plastic, tine ball clays can be 
modified by addition ofkaolinite rich clay and silty or sandy clays. 

2.z.Previous Ceramic Activities. •rhere appear to have been three 
separate phases of cera::iic production in Palau. The first ·:.as that of 
pottery production by the Palauans some time in the distant past. 
According to the report of August 1977 by Sandy Vitarelli (referring 
to Ceramic Research & Teaching Program of ~alau High School) the 
former pottery centres were. Ngerard and Ngatpang. That original activity 
no longer survives. 

Then, in 1939 to 1942, (see pp .267 to Z68 of "Military Geology •• "), 
Sakugawa, an Okina .• an, produceci !or local consumption around 25u, 000 
pieces o! ceramic ware including bricks (probably also fire bricks), 
preased root tiles, pipe, braziers and pots. His kiln was on r1gerasch 
Island, and was !ired with mangrove wood and then ·;:ood, charcoal and 
lignite. The c1ay used was that overlying the lignite on the island. 
·.rhe products were said to be o! fairly good quality (and the many 
remaining pressed tiles of various designs at the kiln site aipear 
to be good, ·.;i th out cracking or warping) though apparently shrinkage 
during !iring •:;as about l~l, ·:1hich is high. 'l'he tact that there is tilis 
certain evidence that such structural clay products can be produced 
with clay !rorn the Airai formation, on Ngerasch Island, with or probably 
without other clay additions to the mix, is important in reaching a 

_, 
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conclusion as to ~hether the available clays on Palau can support 
the introduction or a local brickmaking industry, for example. 

The most recent phase of ceramic interest began about ? or 8 
years ago and ended in about June this year, and was in two locations: 
the Palau High School and the Ngarsuul Pottery at Kless. Reports have 
been written on the state of the Ngarsuul Pottery as at December 1977 
by the Peace Corps cerami~t volunteer Herbert Mayher ~ho has now 
left and ~ho took over the running of that pottery !ro~ me~~ers of 
the Vitarelli family and the Palauans such as Wilbert Tulop and 
James Ngirmechesengel• who worked there with them. {".':ilbert '!'ulop has 
gone to Guam and James Ngirmechesengel attends the Palau High School). 

The previously mentioned report by Sandy Vitarelli of August 
197? described the clays being used by the Palau High School pottery, 
which were all from Babelthuap Island, and their performance, and the 
glaze mixes used --· made fro!?! imported materials. 

At both potteries production was hand thrown, i.e. using wheels 
mostly propelled by the foot, in the traditional manner. 

In Appendices II and III, the present state of these two potteries 
including the available equipment is given following inspection by 
the field geologist during tne present mission. 

The fact that this ceramic activity no longer continues on Palau · 
is not due to any deficiency with the rar. materials or of the 
equipment that was used, or of the enthusiasm and dedication of 
those who were responsible in establishing and running the two potteries. 
Without knowing the full details, it seems probable that, besides the 
conclusion of funds to continue running them, there '.!:as sol!le lack of 
interest by the local co::ununity in the operation of the potteries 
which did not see~ to them to represent a worthwhile type of occupation. 

The important finding, if a decis1on,1a taken to restart the 
pottery production activity on Palau, is that at Kless a complete 
pottery exists, with virtually all necessary equipment. Although the 
Palau High School pottery was vandalized some time ago, ~uch exists 
there which is of potential value to anyone determined to restart 
the activity either in its existing location or removed elsett·here, 
such as to the clay deposits of the Airai formation near to the airport. 

3. FIELD iVORK 
A total of 2t days were spent in the field to visit the clay 

deoo&its said to occur at ~Igarsuul (Kless) Oikul ;-:,;atban~ aiid 
Ngerasch and the area of Aira c.Lay ~formation Iyii\g -oet-::een t.ae airfield 
and the bombed Japanese building. In view o! the short time · 
and the variety of elays available from these sites, it was not possible 

.or necessary to visit the lateritic clay at Ngerdmau or any other 
locations. 

3.1. Ngarsuul.The precise location from which the Ngarsuul clay 
was dug for the pottery at Riess was indicated by James Iigirmechesenge: 
and lies 20 metres to the nortll CJf the present pottery building. 
Previous samt>le and results. These are conflicting. .. · 
The Alfred University results on Sample No.PAL-Dl (?igarsuul) 
suggest th~t it is alright !or structural clay & ·oducts rather than 
for thrown pottery, that it is too short and needs a ~lastic clay 
to be added to it. However, the combined drying shrinkage and 
!iring shrinkage (D.S., F.S.) is very high !or such a clay i.e. 
Z7%. According to Vitarelli, the Ngarsuul clay is a good pottery 
clay, for earthenware, and should be mixed ·11ith Ngerasch or 
Oikul, which are less plastic cla~:s, ;o: ;o. The tiring temperature 

- I 
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is relatively low compared ::ith the ot~.er Palau clays. 
Visual characteristics. A sample taken from under standing :-.ater 
;as medium grey, highly plastic, more like a ball clay. Uniformity 
unknown as could not be seen in situ or free from roots and grass. 
Possible use: as a pottery clay when mixed with less plastic 
kaolinite rich or silty clay. 
Quantity available: not determinable owing to the very poor 
exposure - covered by tall grass and water. No other exposures 
visible. Hay be a quite small deposit. (Information from Neil 
Babik of the present U.S. Soil Survey ·team, is that a ~hite, 
mottled clay is exposed in the bend of the river about fkI:l above 
the Ngarsuul pottery site and this probably belongs to the Airai 
for:natiori). 
Accessibility. Difficult; takes 35 minutes by fast boat f~om Koror 
at high water. No land access? Distance from Kless landing point 
is less than lOOm. Difficult to obtain a clean clay o·ing to 
the height of the water table .and·much tall :rass, etc. The 
soil overburden appeared to be about 15cm thick. 
Preliminary conclusions. This is a potentially important clay in 
view of its high plasticity but it cannot be used without mixing 
with other, less plastic,material in at least equal -am01Ints. The 
de,osit here may be quite sm~ll. May be the •grey, impermeable 
plastic clay'of unit 8 of the map of Plate 30 of 11:-!ilitary Geology~·"· 
The presenc.e of this clay =il :.ne does not appear to be sufficient · 
justification for the decision to locate a pottery at this place. 
There are other, more suitable,locations for a pottery in Palau 
to which it would be appropriate to transport the quantities of 
this clay tnat would be required if, in tact, the plasticity of 
other clays, such as in the Airai formation, near the airport, was 
not found to be adequate. Sample: none taken during present visit. 

3.2. Oikul (=Goikul). The location lies about ~km north or the 
few houses forming the village or Oikul. The map on p.269 of 
"i-Iilitary Geology ••• " indicates t!lat all of the 23, 000 metric 
tonnes found by boreholes 1n 1940 lie to the north or the stream 
on which is the dam to supply .-:ater to the recently built shrimp 
ponds. r.ntcrops of white and '<1.hite-mottled-;;-:ith-red clay occur 
about the track from near the dam north and north-west for at 
least 400m and seems to underlie the sparsely ·:·coded, open area 
having only moderate slopes. According to the aerial photograph 
re~-37 4-lolof the present u.S.Soil Survey, used by them in their 
work, the area of 7;hite Airai formation clay (v:ith some lignite) 
may be more extensive than the 1940 map indicates and may extend 
south of the stream. It may include most of those areas recorded 
by that survey as units 541,554, 54U and 514. 
Previous samples and results. This deposit was not sampled along 
with the other Palau (and Ponape samples tested by Alfred univ. 
Visual characteristics:Sample No. 3Ull?9A. ~~ite clay, some 
red mottling, from auger hole at 60 to 90cm depth. 35m from the 
dam and the bearing to the dam was 120° mag. Moderate plasticity, 
no sandy or stoney particles.Similar to 'white clay' near the 
airpor ·• 
PossiblL..!:!!!: as a brick clay but the firing temperat~re may 
be rather high and possibly pr:;duce a firebrick. Mixed · . ..-ith ball 
clay for pottery. On its o·.n for ceramic filters? 
Quantity: In excess of the 23,000 metric tonnes measured in 1940. 
Accessibili~y:from the B-K bridge it is 8.9 miles, i.e. aoout 14 km 
by a dirt road passable by four ·::heel drive vehicle. The clay occurs 

• 
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at the surface or else with a very thin soil and grass or fern 
cover. •rhe area is fairly ~ell drained and there would be no 
problem due to in~ress of •.•;ater into a mined area. 
Preliminary conclusions:L5.t:tle is kno· .. n about ~he properties 
of this clay. 'Jitarelli fired it to cone 7 to 8 and thinks it 
would go higher than that. It is probably similar to the white 
clay (sample no. 031279Al and 031279Bl) that occurs on the higher 
ground, at the road level, between the bombed building and the 
airport. It ~ay be good for refractory bricks of moderate 
perf~rmance such as co~~on firebricks. Probably insufficient 
plasticity and green strength on its own, i.e. ~ithout some 
ball clay, for ooulding or thro"ing pottery items. However, 
the quantity ~vailable is useful an~ it is accessible fairly 
easily and may have desirable differences in its firing behav!u~r 
com.pared with the other 1 ·hite 1 clays at Ngerasch and Airai (air
port). 

3.3. Ngatbang. Clays of the Airai formation occur in Ngatbang 
municipality around the east.and south sides of Karamado Eay. 
The locality visited during this mission \':as at Klubed, in 
:~geruchob, in Ngatbang district .There are no houses there now. 
One exposure of :::iedium grey, slightly plastic clay ·.vas sho~.··n to 
us by Mr. Taurengel Otobed, headmaster of the l-fodekngei school · 
at Ibobang, in Karamado Bay, and father of Mr. Demei Otobed, the 
head of the Zntomology Centre in Palau. The location lies south
east of Ngerasch Island, at a point on the mainland reached by 
a very narrow passage of ~ater through the mangroves that run 
down the east side of the island. Approximately 95cm of clay 
is exposed at the side of a stream and becomes darker and more 
mottled towards the "t:lse. The whole area is luxuriant jungle growth 
and wet underfoot. ~his clay is said to occur just below the 
surface over much of the area. Sample no. 301179B ~as taken here. 
Previous samoles and results: A sample from iigatbang ((NL) PAL A-1) 
was tested at Alfred University. It was fairly plastic, had a total 
drying and firing shrinkage of 20'Jb and was suggested as suitable 
for hand moulding and as a throwing body. The Ngatbang clay used 
at Palau High School v1as white and came from the old village 

site,in the forest about 200yda from the village centre and is 
described as very good, though there is mention that it is 
mixed •11i th ball clay in use. Here again, there is doubt as to 
•:1hat the Alfred Univ. tests refer to - was it the 1:.hite clay 
like that used by the High School, or the grey clay s~en duri~g 
the present mission?. No details are given except: PAL A-1, 
Ngetbang, 1 foot below top soil. 
Visual characteristics: a me di um grey to darker clay, lo·:: plasticity, 
but not due to silty particles - probably mainly kaolinitic rather 
than montmorillonitic. 
Possible uses: the clay seen in the field is probably not the same 
as that tested at Alfred Univ. The grey clay may be suitable for 
brick::iaking if it is not too refractory.It would need ~ore plastic 
clay added to it for pottery use. 
Quantity: impossible to estimate in the field o~ing to brief nature 
of visit and no means to make an extensive borehole investigation. 
From the maps, there is likely to be large quantities lying in 
the Ngatbang municipality area. Exposures appear to b9 uncommon. 

-
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Accessibility: Not easy. From T Dock at Koror to this place takes 
about 45 minutes, of which about one third of the time is for 
negotiating the mangrove crowded narrow access channels.(Ngerassa 
Island to Koror with a 85 HP outboard boat takes just under 
30 mins at high water). To re~ove clay would require the felling 
and clearing of forested land which is close to sea level and 
is wet. Some time in the future there will be a road built from 
Airai in the so11th or Babelthuap which will pass within about 
t mil:e cf this location according to Mr. Demei Otobed. Once the 
thick jungle is removed there is only a thin soil covering above 
the grey clay. 
Preliminary conclusions: this arP.a has potential for development 
of its clay resources and has supported small scale pottery making 
in the past. At present it is very difficult to dig out the clay 
and much expense would be needed in clearing and road construction. 
There are other areas on Babelthuap, such as the airport location 
in Airai,that are more suitable and have a choice of three or 
more clays. 

3.4. Ngerasch (:Ngerassa). This is an island in Karamodo Bay 
surrounded by mangrove trees. Exposures or Airai formation clay, 
~~gether with a bed of lignite up to lm thick, occur over the 
middle 9nd southern part of the island. The location is reached 
by fast boat from Koror to a landing 'dock' on the -:;est side of 
the island. 1Nhite, white. mottled v:i th red and yello·.-.ish clay . 
is exposed on the first part of the path to the 1939 kiln a~d in 
many other places. 
Previous samples and results: Sample No. PAL -Bl and B2, described 
by Vitarelli as if;gerasch yellow buff', and 'Ngerasch Red Ochre' . 
respectively, were tested by Alfred University. They came from 
points along the path from the dock to the old kiln • Bl had a 
total shrinkage of 19%, as found to be very short and not good 
for throwing and its suggested use is for structural clay products 
which is reasonable in view of the production of bricks, tiles, 
etc. that was done here - though the items v:ere pressed, rather 
than extruded. (The remains ~f both a brick press and a tile press, 
as uell as other items, ·still exist on Ngerasch). The red ochre, 
~-2, was also found to be of low plasti:ity and was su€gested for 
use as an engobe. Vitarelli used a yellow clay from near the old 
'pottery' site -presumably the brick and tile works - and found 
it to be possible to use it alone, even though it ':1as 'non-plastic'(!) 
though it was also mixt=~ with ball clay. Alone it fired .. hite in 
oxidation, red in reduction. 

The quality of the products made at ~gerasch, appeared 
to be quite acceptable, judging by the items that still remain 
there. In preesing, there ·::as no difficulty in pressing the tile 
shapes without lines of cracks occurring along the fold of the tile. 
Visual characteristics:. it is a white, or mottled or yellowish 
clay of relatively low plasticity but adequate for pressed products 
but not for extruded items. 
Accessibility: once on the island, the clay is easily accesaible 
there being little or no overburden and only short soil and grass 
as seems to be common with this clay unit. There is no problem 
due to drainage, the island being sufficiently elevated above 
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sea level. 
Preli;:tinary conclusions: The principal advantage of this location 
is that ti:1ere is proof that structural clay products of Rccentable 
quality can be made with the clay here. Adequate reserves eyist, 
both on Ngerasch and the neighbouring mainland around Ngatbang 
municipality, for productior to be restarted if the demand should 
arise·. The near vicinity of the landing .. place and access to 
the open sea would make :iistribution of the products by boat 
relatively easy. However, it is li~ely that the white clays of 
Airai are also suitable for structural clay products and are 
better located as well as being in large amounts. 

3.5. Aira1. This location is one of others ,such as Oikul, that 
occurs i~ Airai District. Airai 'proper', here refers to the 
location lying to the south of the .present airport and north 
and •:;est of the bombed Japanese building. Samples taken during 
ti1is present mission come from two nearby points. Samples 
nos. u312?9Al, A2, and A3 come from an erosion scar lying on 
east sloping ground, a distance of 330m from the airport windsock 
which bears 345° mag. from the loc~tion. (The gable of the 
bo:nbeci building bears 180° .'!lag and is distant 160m from the location.) 
It is marked by three short lines (= erosion scar) on photo ref. 
36 4-85 of the present U.S. Soil Survey. · 

The other sample location lies just to the north of the 
road approaching the airport building. The distance to the wind
sock is approx. llOm and the bearing to ~t from the location is 
60° mag. This is the east end of a gulley from ~~ich ~hite or 
white-red mottled clay appe~rs ·to have been dug recently. The 
sample location for that was 031279Bl. 
Previous samnles and results. Three samples from Airai, PAL Fl, 
F2 and F3, W!:re sent to Alfred University. Unfortunately, both the 
sketch :nap and the sar.ple descriptions (Fl yellov:, 1 1 below 
top soil; F2 yellow top soil and F3 grey-clay-top soil) referring 
to those samples are inadequate for determining the point n·here 
these clays ·:•ere taken or ;•;hich are referred to.(During the 
present mission it was found that there are at least three different 
and potentially useful ~lays in this area. All are exposed in 
the erosion scar.). Alfred University reported that all three 
samples v;ere suitable throwing bodies, Le. had good plasticity 
and strength; in fact F2 was said to be •too plastic'and 'like 
a ball clay.• Vitarelli used a grey Airai clay at the High School, 
from 'behind old bo~bed building(near airport)' but one is not 
sure which side of the building is ret~rred to. She describes it 
as a•ball clay, tight, and will not slake when dried at room 
temperature, contains liMe'. However, all the chemical analyses 
by Alfred University for these Airai clayr have less than 0.14% 
of CaO which suggests they do not contain enough lime to cause 
any influence on the using or these clays. 
Visual characteristics. The samples 031279Al and B~ are of white 
or white-red mottled clay lying at the top of the erosion scar 
and in the exposure close to the airport building as well as 
generally at the level or the road. It has medium plasticity and 
probably can be used for hand mouldjng of bricks e.g. by 
throwing into a sanded mould. Visually it appears similar to the 
white or mottled clay at Oikul and Ngerasch. Below it, near the 
top of the erosion scar and else1:here, and immediately be!'leath 
the main lignite band (70-80cm thick here) is the grey clay of 
sar.;ple no. 031279A2. It is pale grey, uniform, plastic, 'tight', 
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free of silt and con-tains some carbonaceous matter. 
The third clay sau.pled during the mission's visit to 

this location is sample ref. 031279A3 and occurs in the central 
area of the erosion scar as well as in the lo·:·est area above the 
stream. In colour it weathers pale green but about lOcm belov: 
the surface it is medium grey and sho· .. s relics of volcanic breccia 
no;·: comp:L.etel:r ·;:ea the red near the surface. (In the Palau Huse um 
ther& is a sample of core or the original hard, non-·:, eathered 
volcanic breccia). This green ~·.ea the ring clay feels that it has 
more coarser ~aterial present and is therefore less plastic than 
the other t..o clays both of -::hi ch appear to be of sedimer: tary 
origin. 

This suite of clays is potentially of much interest 
and L:iportance as they have different c?iaPacteristics and occur 
in close proximity to each other ·:.ith ·good ·accessibility. It 
is conceivable that they could sup~ort a ~hole range of ceramic 
production, with only minor additions of other ~lays such as from 
Ngarsuul ,having to be brought in. 
Quantity:Assuming toe whole of the area, apart froo 1~0' needed 
for the new runway additions, etc, from the Airfield to the 
bombed Quilding is available, substan~ial reserves of these clays 
exist here, as well as to the .,,est of the airport road, 

(and ·:1est of the bombed building.) The top bed i.e. ·:;hite clay,. 
is at least ~~ thick, the grey clay is lim thick and the green 
weathering clay occurs in t: .. o horizons, each l ~o ltm thick. 
Accessibility.Both by road and to the clays themselves, acces$ibility 
is excellent. As ith other areas ·~.here the white clay has bee!l · 
found, and possible cultivation by the Japanese, the top soil 
has largely disappeared. Short grass, ferns and a few pandanus 
trees are grm·. in g he re. The di stance "oy road from the B-K bridge 
is 3.7 miles, i.e. 6km. 
Preliminary conclusions. It is su~gested that if it is v-ished to 
~remote the develo~ment of ceramic industries in Palau, then · 
the Airai (airport) location WJUld, so far as present development 
plans are known, be a suitable location · ith re5ard to availability 
of clay ra·:: materials for both structural cl3y products and 
pottery. 

4. Im· 
In the firing of the kilns in the potteries at ~{garsuul (Kles..,) 

a::id the Palau High School, the fuel used :;1as oil - presumably diesel 
fuel. 

However, in future, oil is going to become increasingly scarce 
and expensive an::i there see:ns no reason, at pr~sent, ·:.hy local timber, 
~hich is abundant, as mangrove and other species, should not be 
cut and usei. There i~ no over-exnlcitation of the timber on Palau at 
present • If necessary, fast gro: ing species such as the Giant Ipil
Ipil, successfully introduced recently to the Phitippines, might 
be planted to replace the cut forest. In addition, in Oikul, Airai 
and Ngerasch there are beds of lignite, up to lm thick. '.'.'hen dried 
this can be added to supplement the use of ~ood. 

United Kingdom : 
26. Lin2f1eld Court, 
Blount Road. 
POR. TSMOUTH. PO I 2TB -Construction Materills C.•olo6i:c 
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STATE OF THE NGARSUUL POTTERY, KLESS, ON 29th NOVEMBER 1979 

l::QUIPME1\T 

See the list quoted by aerbert Mayher as at December 1977. 

l Lister diesel generator, HP 10, Mo.1169SR221, · tor 115v ,1800rpm, 

6 KVA.;Has ·clocked 4781 '.hours. Appear to be in working order •::hen 

fuel is available. 

1 'Shrimp' electric potters ··heel. 

1 'Lockerle' kickwheel. 

3 locally built kick .. heels. 

l Alpine lo~ capacity pug mill. 

1 aall mill rollers, .ith 2 gal and l gal. porcelain jars. 

l '5gal lar5e capacity clay ~ixing machine. 

1 55gal clay slip mixer. 

l only, ,.;hause triple beam ·:;eighing scales, new to ·:;eigh to 2.61 kg. 

(the other· similar scales could not be found). 

1 75 cu.ft down draft Catenary Arch kiln - complete. 

l 30 cu. ft do·;;n draft Sprung Arch kiln, not fully completed. 

1 Japanese oil burner (diesel) - kept in the locked up shed. 

Numerous items, including tools in the lock up shed, ~ork benches and 

clay stora.;e rece_!)tacles, etc. Pottery ~hed i:: good order. Last known 

time when it was in use was June 1979. 

STATE OF THE f .;LAU HIGH SCHOOL POT~ERY ~S AT 1st Dece~ber 1979 

Is located in the area of the High School, opposite the iurger Hut 

Restaurant. 

5 locally made kick heels , all still in orking order. 
·l 'pointed arc£1'kiln, :nade ··it!J. Clipp-.r D.P. 2 Split r~fra·;tory 

bricks; partially d.stroyed. 

1 kiln, int:rnally 5·2· ft high, 3.: ft '.'fide by 3 ft front to back • 

.. itn angle iron bound vertical edges. Is largely complete. 

1 '.'/ashing up sink, uprooted from former position. 

1 elect»ical socket board wit~ all distributing cables to~n out. 

Various cupooa:ds,.sets oi shelves and work benches in general 
disarray. The structure o! the pottery is local timber frame .,.:ith 

corrugated galvanized iron sheets. The roo! is starti~g to leak. 

Said to have been vanJalized about one year ago. 
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I~ITIAL REPORT ON AN INVSSTIGATION OF 

THE CLAY DEPOSITS OF MOEN AND DUBLON, TRUK ISLANDS, FOR CERAMIC USES 

by 

NEVILLE R. HILL 

UNIDO FIELD GEOLOGIST 
6th-11th Dec. 1979 

1. PURPOSE 
Together with visits to Yap and Palau, the aim of this 

mission was to determine the location, quantity, consistency and 
probable potential uses of the available clay deposits by means 
of study of previously available data, if any, and field '.':ork in 
selected areas. In addition, selected samples would be taken and 
pr~~osals made, after consultation with the Government authorities, 
for any laboratory testing to be done, if considered appropriate. 

The mission would not determine the the potential market 
for ceramic products, such as pottery, bricks, etc., or make 
recommendations for the capacity, design and establishment of 
of any manu~acturing units. These were to be amongst the duties 
of a specialist ceramic technologist \'lho was to be recruited by 
UNIDO at a future date. 

2. SUMMARY OF PREVIOUS INFORMATION 
2.1. Cl!Y De~osits 
Detailed work on the surface rocks of Truk was carried out in 
1954-55 by the Intelligence Division, Office. of the Engineer, H.Q. 
U • .S-. Army Pacific, in collaboration with U.S. Geological· Survey 
personnel. The work on the soils was done by James E.Paseur and 
his maps or Moen and the northern part of Dublon, for instance, 
are included as Plates 13 and 14, Soils, of the " Military Geology 
,gf Truk " copies of v:hich ~re held in the Bureau of Resources of 
the TTPI Government in Saipan. Besides the various soils units 
listed on the maps, there are detailed descriptions in the text, 
e.g. from p.91 onwards. 
There are two main clay units in the Truk Islands:-
The Truk ClaY (Unit 1 of !1aps 13 8c 14 of "Military Geology of Truk") 
covers 23% of the volcanic uplands and is a residual clay developed 
on volcanic bedrock, talus or colluvial boulders and the upper 10 
feet are usually free from boulders. It is reddish-bro•:1n, granular 
and slightly plastic. On less than 25% slopes, the depth of this 
Unit can be 10 to 50 feet,(i.e. of adequate thickness to supply 
raw material for smaller scale ceramic industries. However, the~e 
may be inadequate plasticity for other than brickmaking by simple 
hand moulding.) 
The Truk Stony Clay (Unit 2 of ~·!aps 13 8t 14) is the rJost common 
soil, at least on Moen and Dublon, covering more than 50% of the 
surface. It is mostly reddish-brov:n to yellowish-bro·:.n clay, slightly 
plastic to plastic, granular and with 15 to 20% or more of boulders 
present. lts thickness is very variable being !rom as little as 
1 foot to as much as 30 feet. ( Although often rather thin in 
thickness, this unit could be important for ceramic uses if the 
plasticity of the Truk Clay formation is !ound to be too little 
for pottery and other uses where 'mouldability' is essential). 
The Fefan and other soil units are not or the type that might be 
suitable for ceramic purposes. 

- ' 
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2.2. Ceramic Activities 
There is no known record or mention of any previous ceramic 
activity, such as pot making, in the Truk Islands, that was 
learned of by the UNIDO field geologist apart from ~ention by 
Mr. Nauro Ete, in the Distad offices, that pots may have been 
found on the island of Fefan. 

3. FIELD WORK 
On the first day the west and south-west part of Moen was 
surveyed in company with Mr. Simian Leon or the Land Management 
Office. (In 1954-55, Mr. Leon had aaeisted 11.a.soils geologist 
James E.Paseur in the soil survey of the Truk Islands for the 
report "Military Geology of Truk11 .). Over the weekend, the UNIDO 
field geologist traversed on foot the remainder of Moen, .. starting 
from Iras via Tr~k High School to Tunuk, Penia, Nemwan, Or, 
Sopuk, Nemwan and then continuing again from Penia up to Peniesene 
and the radio mast and back down to Truk High School and Iras. 
A visit was made also to the site of the asphalt and aggregate 
operation near Unun en Nukanap. 
It was planned to spend the final full day visiting Dublon. 
Unfortunately, all available boats ~ere in use in connection with 
surveys on the other islands· to examine damage caused by the recent 
tropical st.arm 'Abbe 1 .There ··:as the possibility of trying to hire 
a boat privately but, in view of the fact that soils Map 14 
indicates that no clays other than Truk Clay and Truk Stony Clay 
occur on Dublon, the additional expense was not ~arranted and the 
time was spent preparing this initial report and dealing ~ith 
correspondence. 

3.1. Epinu~ - a location having Truk Clay. 

Location:in a cutting at the north side of the road, opposite the 
hous~ of Mr. 2rmut Manaka, in the village or Epinup.It is ~ mile 
west of a Japanese water tank that is on the south side of the road. 
(Just over t mile east of the sampled location, the road is no 
longer passable by vehicles.) The Grid ref. on Map 14 = 745217. 

Sample No: 071279A - at least lOkg.(retained in the Land Manageme:,t) 
Oescriotion: nearly 2m ex~osed of y.ellow-bro~n clay, slightly plastic, 
free fro~:i stones, beneath approx 20cm of dark grey· earth bearing 
fern-like plants, coconut, etc. but otherwise not cultivated. 
Truk Clay occurs approx 50m east of the sample point at a slight 
crest of the road, opposite a disused cafe,and underlays a level 
area. Here the colour is reddish-brown. At another well exposed 
section on the north side of the road 0.3 mile south west of the 
sample point, at a point between two streams, there is lOcm of 
dark grey top soil and 90cm ofra.d-brown clayey soil, slightly 
plastic. This Truk Clay continues northwards up the slope for about 
30m or more where there are trenches dug in ~.'iorld War II. 
Reserves: there was not the time nor the means to carry out a 
boring programme. However, in this area fOUth west of Epinup 
there appears to be around lm thickness of Truk Clay extending 
for more than 500:n along the road. There are some houses but 
sufficient area !or supplying small scale ceramic production. 
A larger accessible area of Truk Clay exists along the very muddy 
road east of Truk High School, e.g. at Levi, on the road to Tunuk. 
Potential Uses: In vie~ of its rather low plasticity, i.e. ability 
to be moulded and retain its shape in the moist state, from visual 
examination and feel, it is probable that the Truk Clay is suitable 
only for simple hand moulding or bricks, rather than oy an extrusion 
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process, and unlikely to be any good for pottery use. There 
appear to be no other clays of sufficient plasticity with ~hich 
this Truk Clay can be blen~ed, though the ~ruk Stor:(Y' Clay seems 
to have a slightly higher degree of plasticity. 

3.2. Sabou - a location having Truk Stony Clay 

Location: Approximately 0.4 mile, i.e. about 650 ~etres, south 
of the protestant Logan :-!emorial Church, and 1.85 mile, say 3 kl!l, 
south of the Public ·:orks office. The exposure sampled is at the 
bottom of the garden of the house of Mr. Frank Nifon, brother-in
law of Mr. Simian Leo.(Although this precise location would not 

be acceptable for locating a quarry or pit for digging the clay 
it is a relatively good exposure of the rather thin Truk Ston~· 
Clay and probably representative of the unit). 
Sample z10:071279B - at least lOkg , retained in the Land :-:1nagement 
office. 
]!!criotion: Red and brown clay, fairly plastic, ·: ith sol!le roots, 
and some small stones and becoming less weathered 'lOlcanic rock 
near the base. About 50cm exposed beneath a covering of 30cm of 
top soil with grass. 
ReserTes: none available here o~ing to proximity of dwellings. Altnough 
tending to be rather tain usually, the Truk Stony ~lay is reported· 
as reaching up to 30 feet thickness and covers over half of thP. · 
island of Moen and much of Dublon. A::lounts available w-Juld be much 
in excess of that required for small ceramic production. Clearance 
of trees and other vegetation and 30cm or more of top soil ·· ould 
be necessary. Amongst other locations that might oe possible for 
digging the clay is just north of the radio mast above reniesene 
.1here there is very dark grey e>r black soil, granular in texture 
and though the ground here ·::as dry, according to :·!ap 14 this dark 
grey clay can be plastic and be 4feet in thickness do·n to the 
bedro:k. 
~otential Uses: If any stones are re~oved, it is possiole that the 
Truk Stony ~lay may be founti suitable for simple p0ttery production 
as ·::ell as some simple structural clay products. Routine test!.ng for 
plasticity, drying shrinkage and firing behaviour are required 
on both this and tne Truk Clay before a more certai~ opinion c~~ 
be reached. 

4. GE~RAL co::c1usro::s 
There appear to be no clays-of the degree of plasticity 

necessary if a successful ceramic industry, covering cattery as 
well as structural clay products, is to be established. There are 
only two principle clay units occurring on Moen and Dublon, both 
of which have rather low plasticity and suitable, if at all, for 
hand moulding of bricks rather than ~ore intricate products. 

In the event that it is considered desirable to carry out 
any ceramic testing of the samples collected and the results prove 
to be industrially significant, both the Truk Clay and the Truk 
Stony Clay occur ·.'iidespread and in thicknesses sufficient for 
their utilization to be practicable. 

The location of these clays may be readily determined by 
reference to Maps 13 & 14 of 'Military Geology of Truk'. 

United Kingdom : 
26. Lin1field Court. 
Blounc Road. 
PORTSMOUTH. POI 2TB 
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1. Largest P•ett of stone 

monev. 12"-in d1-11!r 
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3. -.n- lighthouse 

4. Comt Gu.d Lotan S1af1on 

5. T.,_,.. Canal 

6. o· Kttfe"s Island 
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f.. Stone money benk 

9. G~man catlll! sra11on 
10. Air terminal 
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TRUK 

CLAY SAMPLE LOCATIONS 
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MOEN 
1. Air terminal 

2. Legislature 

3. Police and Fire Oepts. 

4. Oiveshap 

5. Bank 

6. Post Office 

7. F1rmers' Market 

8. Commercial port 
9. Municipal Office 

10. Protestant Church 
11. Moen Hii;i School 

12. South Field 
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ISLAND 
13. Truk Hii;i School 

14. District Administrator, 

Office of Tourism, 

Hospital, Courthouse 

15. Caves with Japanese guns 

16. Ancient fo"ifications 

1i. Catholic Church 

18. Wichon waterfall 

19. Xavier High School 

20. Japanese lighthouse 

21. Anti-aircraft guns 

Ro.a 
Trail 
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